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CHAPTER 1

INTRODUCTION

Section |,

I-l. Purpose and Scope

a. This manual is a guide and basic reference
for firefighting teams and other personnel en-
gaged in fire prevention, firefighting, and rescue
procedures at military establishments in theaters
of operations. It covers the policies and proce-
dures, equipment, characteristics and chemistry
of fire, tactics and techniques of firefighting, first
aid, rescue, and fire prevention. It is concerned
primarily with structural, aircraft, petroleum and
unclear weapon fires, but also discusses explosive,
motor-vehicle, and natural cover fires.

b. The material contained herein is applicable
to both nuclear and nonnuclear warfare

1-2. Changes

Users of this manual are encouraged to submit
recommended changes orcommets to improve the
manual. Comments should be keyed to the specific
page, paragraph, and line of the text in which the
change is recommended. Reasons should be pro-

vided for each comment to insure understanding
and complete evaluation. Comments should be for-
warded directly to Office Chief of Engineers,

ATTN : ENGMC-FF, Washington, D.C., 20314.

1-3. What the Fire Protection Specialist
Must Know

Progress in fire protection within the Army has
increased gresatly in the last few years. This prog-
ress was brought about by the development of
new techniques and more efficient equipment. But
offsetting this progress, to some extent at least, is
th turnover of military personnel. This turnover
is a serious drawback to efficiency, but broad
training programs, which include the study of
chemistry, physics, mathematics, and building
construction, now make the firefighter’s training a
continuing process.

a. Chemistry. The creation and spread of fireis
a chemical reaction involving flammable vapors.

GENERAL

Since this reaction can occur under many condi-
tions and circumstances, the fireflghter must know
the characteristics of fuels and other materials.
He gains knowledge through an understanding of
the chemistry of fire.

b. Physics. Physics involves the principles of
mechanics, electricity, heat, light, and sound. The
firefighter needs mechanical knowledge to enable
him to operate the fire trucks and associated
equipment, and to maintain them so they will a-
ways be ready for use. Electricity is a common
source of fire. In addition, there is a danger of
electrocution, especialy in the presence of water,
and water is the common extinguishing agent.
Heat is a mgor consideration in the spread of fire
and in the physical limitations of personnel. Light
IS necessary to combat fires at night or ininclosed
or smoke-filled compartments. Sound (the basis of
alarm systems) is the foundation of fast and
efficient response to emergencies.

C. Mathematics. The firefighter must know the
mathematical formulas used to determine the
proper volume and force of extinguishing agents
needed. His knowledge of fire department hy-
draulics enables the engineer, or pump operator,
to arrive at the correct nozzle pressure. An error
here may cause injuries, extensive water damage,
or unnecessary fire losses. Too much water pres-
sure at the nozzle has been known to throw fire-
men from ladders or out of windows. Wild hose
lines can serioudly injure or kill people who are
struck by the heavy nozzle or hose couplings.

d. Construction. A basic knowledge of building
construction is essential for proper forcible entry,
rescue, ventilation, or extinguishment, Buildings
that look identical on the outside may collapse or
burn with great variations of time because of dif-
ferences in internal design and type of construc-
tion. Men who make fire inspections should
become familiar with the construction of each
building sothat in case of fire they will know the
approximate length of time the building is safe to
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enter and the time at which it must be evacuated
before it collapses.

1-4. Policies and Procedures

It is important that a member of afire protection
unit be familiar with the most common policies

and procedures of the fire protection organization
of the Army, and the forms used. The policies and
forms are described in detail in many Armypubli-
cations. It is the purpose of this chapter to
acquaint the firefighter with those general princi-
ples which are important in the proper perform-
ance of his duties.

Section ll. ORGANIZATION

1-5 Fire Protection

Firefighting science is divided into three phases:
fire prevention, rescue, and fire fighting.

a. Fire Prevention. This phase establishes
standards and practices for the prevention of
accidental fires. These standards and practices are
controlled by frequent surveys and inspections.
Responsibility for inspections and for recom-
mending corrective action is placed in the fire pro-
tection organization.

b. Rescue and Firefighting. On arriving at a
fire, firefighters must determine theexaet location
of the fire and then act to rescue people, protect
exposures, confine the fire, and then extinguish it.
While rescue is not needed at most fires, it must
be the first concern. The firefighters must stop the
spreading of the fire (protect exposures or con-
fine) to other buildings or parts of the building on
fire before they can apply themselves to theextin-
guishment of the fire. Ventilation (removal of
smoke, heat, and gases) is a part of the salvage
effort which may be required at any time during
the firefighting operation. After the fire has been
extinguished, a final search is made for glowing
spark and embers. This search and the extin-
guishment of the rekindling potential are known
asoverhaul.

1-6. Firefighting Units

The firefighting units provide fire prevention serv-
ice and protective measures in addition to extin-
guishing fires. They also train auxiliary firefight-
ers, maintain firefighting equipment, and advise
higher commanders of fire defense plans. Thefire-
fighting units consist of four types ofteams. They
may be attached or assigned as required to fixed
strength units or may be organized into service
units (TOE 5-510G). These service units are de-
signed to provide different-size organizations with
firefighting team’s, depending on the tactical and
logistical considerations involved. Command and
administrative control are normally provided by
the firefighting headquarters team.

1-2

a. Team FA, Firefighting Headquarters.

(1) Capability. Capable of planning for over-
al area fire prevention and firefighting program
and for controlling assigned or attached firefight-
ing teams.

(2) Basis of allocation. Normally one per
three to five firefighting teams (FB and FD) and
one water truck team(FC).

(3) Strength. Aggregate-4, as follows:

Number Grads MOS
1 LT 9414
2 E6(NCO) 51M40
1 ES 70A10

(4) Mobility. 100 percent mobile.
(8) Major items of equipment.

W eapons

Individual weapons only.

Vehicles

Trailer, cargo, % T ..__ 1
Truck, cargo, % T . _ . 1
Truck, utility, % T 1

Other equipment
Blanket, fire, wool, w/grommets and

rope handle _. 2
Extinguisher, fire, carbon dioxide, 15Ib
(6.76 Kilograms) ae__._____ ------- ---- 2
Extinguisher, fire, dry chemical, 20 Ib
(9.072 kilograms) .. ____ . ______. 2
Extinguisher, fire, foam, 21 gal (9.46
liters) 2
Firefighting equipment set, repair of
extinguishers and fire hose onn.cccmca-.. 1
Light, warning, vehicular, red, w/blinker
device _ o 2
Repair and refill kit, carbon dioxide fire
extinguisher .. _ .. _________________ 1
Siren, electric motor operated _.-._.. -2
Telephone set, TA-312/PT - 1

(6) Method of operation. Team leader serves
as the fire marsha of the installation or area of
responsibility. Team members conduct fire. pre-
vention inspections and train volunteer personnel
in firefighting operations. In addition to planning
for overal fire defense and commandincfirefight-
ing teams, this team maintains and refills fire ex-
tinguishers and makes minor repairs to fire hose.



b. Team FB, Fire Truck.

(2) Capability. Capable of providing fire pro-
tection, administering timely and adequate first
aid, and implementing a fire prevention program
for areas housing 5,000 to 10,000 troops, or a
warehouse and open storage area of 100,900
square feet (9290 square meters).

(2) Basis of allocation. One per installation
housing 5,000 to 10,000 troops, or containing
100,000 sguare feet (9,290 square meters) of
warehouse and open storage.

(3) Strength. Aggregate—86, asfollows:

Number Grade MOS
1 E-5 (NCO) 51M40
1 E4 (NCO) 51M40
3 E-4 51M20
1 E-3 51M20

(4) Mobility. 100 percent mobile.
(5) Major items of equipment.
Weapons
Individual weapons only.
Vehicles

Firefighting  equipment set,  truck
mounted, structural type, overseas,
class 530B or 530C _ oo 1

Other equipment
Blanket, fire, wool, w/grommets and
rope handle ___. . _ 2

(6) Method of operation. Team members pro-
vide fire protection for the team’s assigned instal-
lation or area by conducting fire prevention
inspections and by fighting fires. See TM 5-225
for radiological decontamination.

C. Team FC, Water Truck.

(1) Capabdility. Capable of transporting
water for firefighting purposes when not enough
water is available near the fire.

(2) Basis of allocation. One or more per fire-
fighting headquarters (Team FA) as required.

(8) Strength. Aggregate-2, as follows:

Number Grade MOS
1 E-4 51M20
1 E-3 51M20

(4) Mobility. 100 percent mobile.
(5) Major items of equipment.
Weapons
Individual weapons only.
Vehicles
Truck, tank, water, 2%-T . _.__ ------ 1
Other equipment
No other major items.

(6) Method of operation. Team transports
water for firefighting when sufficient water is not
available. Team members may be used as fire-
fighters.
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d. Team FD, Brush Fire Truck.

(1) Capability. Capable of furnishing profec-
tion against grass or brush fires within its as-
signed area of responsibility when augmented
with personnel and additional handtools. Can aso
be used to a limited degree to combat structural
fires.

(2) Basis of allocation. One per installation
housing 5,000 to 10,000 troops, or containing
100,000 sguare feet (9290 square meters) of
warehouse and open storage.

(3) Strength. Aggregate-2, as follows:

Number Grade MOS
1 E-5 (NCO) 51M40
1 E-3 51M20
(4)" Mobility. 100 percent mobile.
(5) Major items of equipment.
Weapon8
Individual weapons only.
Vehicles
Firefighting  equipment set, truck

mounted, brush type, overseas, class
530Bor530C __ e 1

Other equipment
No other major items.

(6) Method of operation. Team members
train personnel of the supported unit in brush
firefighting and supervise them when so engaged.
Additional handtools (axes, mattocks, brush
hooks) must be provided by the supported unit.

1-7. Responsibilities

AR 611-201 lists the duties, skills, and knowl-
edges of the firefighter. Listed below are the pri-
mary responsibilities of the fire protection person-
nel.

a. Fire Chief. The fire chief, under the direction
of the fire marshal, supervises the fire protection
organization, including management of fire sup-
pression and rescue operations, training and pre-
fire planning programs, and maintenance of fire
equipment, systems, and devices; he also monitors
the fire prevention program. He insures that:

(1) Fire vehicles and personnel are in a state
of immediate readiness and availability.

(2) Training and fire prevention programs
arecarried out.

(3) Resources are efficiently utilized.

(4) Duty assignments, equipment mainte-
nance, and operational procedures are accom-
plished.

b. Assistant or Deputy Fire Chief. He assists

1-3
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the fire chief in carrying out his duties and as-
sumes them in his absence.

C. Station Chief. Under the direction of the fire
chief, a designated person acts as the station
chief, Since no position is authorized for his duty,
the person assigned will aso perform duty as
crew chief. He supervises all chiefs assigned to
his station. He will—

(1) Implement the policies and regulations of
the base fire protection organization and higher
headquarters.

(2) Respond with his crews to alarms and
emergency calls and insure adequacy of fire sup-
pression and rescue operations.

(3) When first to arrive at the scene of an
emergency, assume command until the arrival of
a senior fire authority.

(4) Supervise and assist in training and in-
structing the crew members and conducting regu-

lar drills to maintain efficiency of flrefighting and
rescue operations.

d. Crew Chief. He will—

(1) Supervise operator inspection and main-
tenance of fire vehicles and insure the upkeep and
protection of al fire organization property.

(2) Insure the safe arrival of his vehicles,
with itsfull complement of equipment and person-
nel, at the scene of an emergency.

(3) Respond with his crew and equipment to
alarms, fires, common emergencies, vehiclerescue
emergencies, and routine calls, including recipro-
cal movements as directed.

(4) When first to arrive, assume command
until relieved by senior fire authority.

(5) Perform the station chief’s duties, dele-
gated to him or dictated by emergency conditions.

e. Firefighters. Each firefighter normally is as-
signed a specific duty related to equipment opera-
tion or firefighting and rescue. All personnel, how-
ever, will be cross-trained and capable of flexible
action in a fire situation and rescue emergency.
Firefighters will—

(1) Keep apparatus, equipment, tools, and
uniforms clean and serviceable,

Section HI.

1-8. Introduction

Firefighters often spend 24 hours or more on duty
at an assigned locality in order to assure rapid

1-4

(2) Respond with the assigned unit to all
alarms and emergency calls.

(3) Extinguish fires and take necessary pre-
cautions to prevent their being rekindled.

(4) Be careful to avoid unnecessary damage
to or loss Of department property, or injury to
himself or other personnel.

(5) Watch for and protect at the scene of a
fire al clues or evidence indicating the fire's
cause.

(6) Participate in the fire prevention pro-
gram.

f. Training of Fire Truck Operators. Drivers of
emergency type vehicles must attain the following
minimum test scores:

(1) Emergency judgment test-108.
(2) Road test—90.

(8) Individuals not achieving the above mini-
mum qualifications will have their SF Form 46
and Driver Qualification Record DA Form 348
stamped “Limited License.”

(4) Refresher training will be provided an-
nualy to assure familiarity with emergency oper-
ational requirements for the type of vehicle
being operated. Specific attention will be given to
the understanding of legal limitations required by
the installation and by local laws.

(6) Any operator of an emergency vehicle
who is involved in an accident will have his per-
mit suspended, pending completion of remedial
driver training.

(6) Any operator of an emergency vehicle
who is involved in an accident and is convicted of
any moving violation will have his permit re-
voked.

(7) Should a requirement exist for the driver
to be retrained and tested for driving other than
emergency vehicles, the driver’s permit will be
stamped “Army Limited-Not Valid for Emer-
gency Vehicle”

(8) "A proper entry’ will be made on the
Driver Qualification Record (DA Form 348) to
assure that the above information and qualifica
tions or limitations are known and available to the
motor officer in case of reassignment of the driver
or loss of a permit.

FACILITIES

response to fire alarms. They should be housed in
suitable living facilities, when available, including
those necessary for comfortable working, sleep-



ing, eating, recreation, training, and study. Inade-
guate facilities can greatly lessen the efficiency of
afire protection organization. When not on duty,
firefighters are on call (in case of grave emergen-
cies).

1-9. Structural Stations

A structural fire station must be strategically lo-
cated in the area it is expected to protect.

a. Usualy it is centrally located so that each
portion of the area will have as much protection
as possible without slighting any other portion.
However, when one portion is “high risk” in com-
parison with the rest of the area, the station’s
location will naturally favor the high risk portion.

b. Reasons for considering an area as a “high-
risk” include the speed of ignition of the flamma-
ble materials located there, the propagation possi-
bilities, and the potential amount of loss if fire
occurs. Those portions of an area containing hos-
pitals\ technical buildings, barracks, headquarters
buildings, or other buildings in which life and
property loss potential is ‘greatest are necessarily
classified as critical from the standpoint of fire
hazard.

I-1 0. Crash Stations

The location of the aircraft fire rescue station is
limited to the vicinity of the airfield, but its loca
tion even within that limitation is of utmost im-
portance. An aircraft fire rescue station must be
centrally located. At the same time it must be so
positioned that there will be an open view of al
aircraft activity-including the flying field, run-
ways, ramp, parking areas, taxi strips, and dis-
persal areas-from the crash station.

I-l 1. Sleeping Quarters

Sleeping or bunking facilities should enable crew-
men of both aircraft fire rescue and structural
organizations to reach the apparatus floor quickly
and safely. When the alarm sounds during sleep-
ing hours, a firefighter is expected to awaken,
throw back his blanket, spin around and insert
both feet into his boots, stoop and pull up his
pants, run toward the apparatus floor while plac-
ing his suspenders over his shoulders, and finally
mount the truck, ready for action-all in about 15
seconds. He can do this only if the quarters are so
designed that the distance from the sleeping
quarters to the apparatus is as short as possible,
passageways are wide and clear, and the area is
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completely free from obstructions which might
cause delay or injury.

I-I 2. Dining Facilities

Dining facilities included in the quarters must be
looked upon as a necessity rather than as a com-
fort or a luxury, because those periods of absence
from the fire station for eating greatly reduce the
strength of the organization, even if only a few
persons are absent for a short time.

1-13. Heating and Sanitation

Each structural and crash station should be prop-
erly ‘heated and ventilated.

a The comfort of personnel will insure that the
men willingly and efficiently perform their inside
duties, which include keeping the equipment in
excellent condition. Training and study periods
are even required of seasoned firefighters to ad-
vance or refresh their technical knowledge. Per-
sonal comfort is a necessity to the man who is
trying to absorb such knowledge, and proper
building temperature is necessary for personal
comfort.

b. Shower and latrine facilities are essential to
the health, comfort, and cleanliness of all fire pro-
tection personnel. These facilities should be placed
reasonably clase to the apparatus floor. After re-
turning from a fire, the men are frequently wet,
cold, and dirty, and a shower helps to prepare
them rapidly for another possible emergency.
While showering, the men should keep boots and
pants close by so that in case of alarm they can
put them on immediately.

I-l 4. Training Facilities

For the important purpose of practical training,
which serves as a proving medium for theories
presented in classrooms, a training ground or
area should be provided for fire protection crews.

a. The training ground should be located, if pos-
sible, in a position from which response to any
part of the area may be made in a minimum of
time. Training areas must have a supply of water
ample to replenish the supply on the vehicles.
Trainers and simulated structures should be pro-
vided to enable actual fire ignition, control, and
extinguishment according to the standing opera-
ting procedures.

b. Neither the entire aircraft fire rescue crew
nor the entire structural crew will be out of serv-
ice at any one time while attending the training

1-5
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ground. Reasonably ample protection must beim-
mediately available at al times.

c. A reading or study room is a great asset
toward maintaining a progressive study or train-
ing ‘schedule. A 16-millimeter projector should be
available from the signal library for showing
training films. A set of technical manuals and or-
ders should be furnished along with any other

helpful publications. The study room must be well
lighted, comfortable, and inviting, so as to encour-
age individua study.

d. A storeroom and repair shop, or a combina-
tion of the two, should adjoin the fire station so
that crew members studying apparatus there, or
working there, will not be far from their duty
stations.

Section IV. DA FORMS, REPORTS AND RECORDS

I-l 5. Introduction

Fire protection and firefighting operations require
reports and records, These are used for determin-
ing the effectiveness of firefighting and rescue op-
erations; for appraising fire prevention regula-
tions, programs, and training; and for evaluating
fire protection engineering, equipment, and de-
vices. The statistical data enable the organization
to analyze and evauate its own conditions and
affect it changes to improve itsefficiency. Reports
are required for any fire incident which involves
death or disabling injury to personnel or damage
to or destruction of any building, structure,
grounds, utility plant or ‘system, installed or
moveable equipment, aircraft, missile, vehicle,
material, supplies, and personal property. Also,
technical investigations are necessary for fire in-
cidents to analyze causes, contributing factors,
and Sects; and to determine the effectiveness of
the measures taken or required to be taken to
meet other such emergencies. Records are re-
quired for fire protection equipment systems or
devices that may be peculiar to an installation.
Routine should be made of inspection and haz-
ards.

-l 6. Forms

Listed below are forms to be used for inspection’s
and test of firefighting equipment.

a. DA Form 253, Fire Extinguisher Record
Tag. DA Form 253 is attached to each installed
extinguisher for recording the monthly inspection
and recharging.

b. DA Form 5-1 (Fire Department Individual
Run Report). This form is designated to give in-
formation on responses made by individual fire
units. The form lists information on such matters
as time of alarm reception and response, type of
apparatus dispatched, location and nature of the
emergency (or other type response), equipment
used, and hose line operation.
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c. DA Form 5-2 (Fire Report). This form is
designed to furnish information about fire inci-
dents which affect life or rea property. It is used
to-

(1) Identify the incident and related opera-
tions.

(2) Provide close estimates of monetary loss
and the damage or destruction of property, mate-
rial, and equipment.

(3) Indicate the loss of life and the extent
and nature of physical injury owing to fire.

(4) Indicate the extent and nature of contin-
gent loss and its effect on the installation mission.

(5) Determine the cause and contributing
factors.

(6) Evaluate and improve fire protection or-
ganization, personnel, equipment, training, and
procedures.

(7) Determine action to be taken to prevent
similar occurrences.

d. DA Form 5-78 (Fire Hose Record). This
form records the inspection, test, and mainte-
nance of al fire hoses, the type of coupling, and
provides a remarks section.

e. DA Form 5-118 (Annual Dry Pipe Valve
Inspection and Tripping Test). This form is pro-
vided to record tripping, cleaning, and resetting
of dry-pipe and deluge valves with their accesso-
ries.

f. DA Form 5-119 (Automatic Sprinkler and
Standpipe Equipment, Inspection and Test). This
form is used for inspection and tests by mainte-
nance personnel. It is completed as the inspection
or test is made for operation of sprinklers, valves,
and fire pumps.

g. DA Form 2404 (Equipment, Inspection and
Maintenance Worksheet). The equipment inspec-
tion and maintenance worksheet is used by all
personnel performing inspections, preventive
maintenance services, diagnostic checkouts, and



equipment servicesbility criteria checks. It pro-
vides a standard procedure for temporarily re-
cording equipment deficiencies.

I-1 7. RecordsandReports

Records at the installation level will be prepared
by qualified fire prevention personnel and will be
approved by the operating agency commander or
authorized representative. The forms are to be
prepared as authorized in AR 310-1, as applica-
ble, and used to record technical details of opera-
tions and tests for the following reports (For ad-
ditiona information, see TM 38-750).

a. Automatic Sprinkler Water-Flow and Low
Air Pressure, Automatic and Manual Fire Alarm
System Report. Complete and permanent records
will be kept of the operation of fire alarm systems
and of inspections, tests, and services performed.
In addition to inspection and test record forms,
impairment tags will be provided for use when
devices are found inoperable and not immediately
repairable.

b. Fire Hazard Inspection Report. This is used
for either the fire inspection notice or fire hazard
inspection report. The procedure to be used can be
determined locally. The main reason for using the
fire inspection notice is to streamline action and
reduce the time required to complete fire inspec-
tion requirements. The establishment of good will
and cooperation between the fire organization and
the activities occupying the structures will reveal
that the mgjority of fire hazard’s can be resolved
with this procedure. For situations where the fire
inspection notice does not provesatisfactory, or is
not adequate, the fire hazard inspection report
will be used. Regardless of the procedure followed
al fire hazards or deficiencies discovered during
any inspection which cannot be or are not cor-
rected during the inspection will be recorded. To
insure that all hazards recorded on this form are
corrected quickly, followup by the fire inspector is
necessary. The time alowed to correct the haz-
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ards, which can vary from 1 to 72 hours, depend-
ing on the potential dangers involved, will be
listed on the form.

C. The Training Timetable. ‘ The training timeta-
ble is a ssimple chart to assist the supervisor in
identifying, planning, and scheduling the training
needed by his employees. It is a means of record-
ing the operations each employee can perform, the
operations in which each employee needs to be
trained, and the date when this training should be
started. The chart may vary in form and size,
depending on the purpose, the size of the work
force, and even the complexity of the work itself.
It may also be called a training schedule or work
chart and its essential features may be incorpo-
rated in an operations guide, work distribution
chart, or control chart. However, when once pre-
pared, it gives an overall picture of the specific
training to be done in that unit. If the training
timetable is correctly used, it serves the following
PUrpPOSES ;

(1) Aidsin identifying, planning, and sched-
uling training.

(2) Checks on the extent to which training is
carried out as planned.

(3) Aids in determining whether there will
be a trained staff as needed to accomplish the
mission.

(4) Aids in assigning workers,

d. Log. Each fire protection organization will
maintain a daily log containing information on
duty personnel assignments, vehicle movements
and mechanical status, response to fire incidents,
emergencies, false alarms, alarms received, alarm
transmissions over automatic manual, sprinkler
systems, special exercises, names of visitors, inju-
ries to personnel, etc. This log may be typed or
prepared by hand on 8 x 1014-inch (20.3 by 26.7-
centimeter) bond paper and maintained in a
bound notebook. It will be reviewed and approved
by the senior officer in charge at the close of each
work shift.

Section V. COMMUNICATIONS

I-1 8. Introduction

The fire protection facilities of an instalation
must include an adegquate communications system.
This system consists of telephone systems, auto-
matic, manual, and waterflow alarm systems,
two-way radios, and visual and aerial signals.

I-1 9. Telephone Systems

‘Facilities for reporting fires on posts, camps, and
stations have, at most locations, been standard-
ized.

a. Fires may be reported through the installa-
tion telephone system or through a special system
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of outside fire reporting telephones installed in
boxes, and connected directly to the alarm board
at the main fire station.

b. External fire-reporting telephones are housed
in metal boxes mounted on poles or externa walls
of buildings, and are placed so that one of them
can be reached rapidly and easily from any possi-
ble post location. These boxes are painted'red and
usually have a red target light mounted over them
so they will be visible at night.

c. To report a fire over the fire reporting tele-
phone, a person must open the box, lift the tele-
phone receiver, and give the information to the
alarm board operator.

d. In outdoor storage areas where post tele-
phones or fire reporting telephones are widely
scattered, signs should be posted throughout the
area to show where these fire reporting facilities
are located.

1-20. Automatic, Manual, and Waterflow
Alarm Systems

In the following systems, alarms are transmitted
by electrical impulses and recorded on a tape in
the central fire station alarm room.

a. Automatie Fire, Detection and Alarm Sys-
terns. These systems are installed where it is not
feasible to install automatic sprinkler systems.
Dormitory type combustible buildings with indi-
vidual sleeping rooms should have automatic fire
detection systems.

(1) These automatic fire detection and alarm
systems incorporate some devicesensitive to heat,
fire, and smoke. These devices cause an electri-
cally operated transmitter to send a coded signal
to the fire station alarm system.

(2) Heat-sensitive devices used in fire detec-
tion systems may be either fixed-temperature or
rate-of-rise thermostats. Fixed-temperature ther-
mostats will actuate the transmitter when a pre-
determined degree of temperature is created by
unusual circumstances. Rate-of-rise thermostats
will actuate the transmitter when a fire or other
source of heat causes the temperature to rise at a
rate faster than normal. The rate-of-rise devices
must be used with fixed-temperature devices.

b. Manual Alarm Systems. Manua aarm sys-
tems are usually installed in areas not provided
with sprinkler or automatic fire detection systems.
Watchman service is often provided in these
areas, Manual alarm boxes are located strategi-
cally throughout an area and are usually operated
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by opening the box and pulling a lever. (Due to
the different types of boxes, the operation will
vary.) Only a local aarm is normally provided.
Under certain conditions a coded signal may be
sent to the fire station alarm system.

c. Waterflow Alarm Systems. Waterflow alarm
systems are those that transmit a coded signa to
the fire station alarm system when a ruptured
sprinkler head causes water to flow through the
pipes of a sprinkler system. Loss of air pressure
in a dry-pipe system will cause alocal alarm and
may also transmit coded signals to thefire station
alarm system.

1-21. Fire Department Radios

The provision of two-way radios for structural
fire apparatus is not a substitute for a fire alarm
system because such radios usually are not avail-
ble to post personnel for reporting fires.

a. Radios installed on structural apparatus are
used successfully for issuing detailed and specific
orders to fire crews while they are enroute to the
scene Oof an emergency and at any other time
when the apparatus is away from the station.

b. Radios are usually installed in the smaller,
faster vehicles, since these trucks are normally
the first to arrive. Upon arrival, auxiliary equip-
ment or additional emergency assistance can be
ordered by radio without delay.

¢. The frequency of radio equipment on the
crash rescue apparatus should be the same fre-
quency as the airfield radio tower.

d. Portable radios for firefighters are advanta-
geous. They permit firefighters to engage in var-
ious activities and be available for fire call.

1-22. Radio Terms and Procedures

Several standardized radio terms and procedures
must ke understood and used by fire crews.

a Teirms.

(1) “Roger” means “received your message.”

(2) “Wileo” means “received your message
and (where applicable) will comply.”

(3) “Say again,” “l say again,” and “That is
correct” are selfexplanatory. To correct some-
thing said, the work “Wrong” is used, followed by
the correction.

(4) “Wait,” if used by itself, means “I must
pause for a few seconds” and requests the other
station to stand by (refrain from transmitting)
for a period not to exceed 30 seconds.



(5) If the pause is to be longer (up to 1
minute), the expression “Wait out” is used.

(6) To request an even longer standby pe-
riod, the expression “Wait — Out,” is sued in
which the blank is replacedby a numeral indicat-
ing the number of minutes the other station is
requested to stand by.

NOTE
Standby periods usually are requested by
an operator who has to perform a duty
that takes his attention away from the
transmitter/receiver-or who has to
handle communications of higher prior-
ity or greater urgency. When requested
to stand by, a station normaly is ex-
pected to remain in this status until ad-
vised or invited to resume transmission.

b. Numbers. To transmit numbers, the follow-
ing standard pronunciation should be used:

Numeral Spoken as
0 Zero
1 - wun
2 ———_too
3 ______ _thu-ree
4 e fo-wer
B e fi-yiv
6 ______ e six
T - ——-—_seven
8 ___ ate

_____ niner

c. Letters. When it is necessary*to identify a
letter of the alphabet or to spell a word, the new
standard phonetic alphabet should be used:

Letter Word Pronunciation

A ALPHA (Al fah)

B BRAVO (Brah voh)
c CHARLIE (Char leg)
D DELTA (Dell tah)

E ECHO (Eck oh)

F FOXTROT (Foks trot)
G GOLF (Golf)

H HOTEL (Ho tell)

I INDIA (In dee ah)
J JULIET (Jew lee ett)
K KILO (Key loh)

L LIMA (Lee mah)
M MIKE (Mike)

N NOVEMBER (No vem ber)
0 OSCAR (Oss cah)

P PAPA (Pah pah)
Q QUEBEC (Kwi beck)
R ROMEO (Row me oh)
S SIERRA (See air ah)
T TANGO (Tanggo)

U UNIFORM (You nee form)
\% VICTOR (Vik tah)

W WHISKY (Wiss key)
X XRAY (Ecks ray)
Y YANKEE (Yang kee)
Z ZULU (Zooloo)
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Words not understood will be spelled phonetically.
For example, phonetic transmission of “Type
0-5"" would be made as follows:. “I spell: tango—
Y ankee-papa-echo, zero-fi-yiv.”

d. Calling Procedure. To establish communica
tion with other units make the initia call-

(1) Once communication is established, begin
each message with the truck’s identification and
conclude with the proper closing remark. All mes-
sages will end in “over” or “out,” whichever is
appropriate. “Over” means “my transmission is
ended ; | expect a response.” “Out” means “this
conversation is ended, and no response is ex-
pected.” “Over” and “out” are never used to-
gether to end a transmission.

(2) Crews should keep radio equipment clean
and protected from the weather. Particular care
must be given to the condition of the battery,
which must be tested frequently and charged
when necessary.

1-23. Hand Signals

Standard throughout the services are the visual
signals between the senior man in charge and the
pump operator at structural fires. These signals
may be given by hand during the day or by flash-
light or lantern during the night. They cover most
of the orders usually transmitted from the senior
man to the pump operator. The pump operator
must be constantly on the alert for signals and
must acknowledge all signals by repeating them.
Standard signals are easily understood since, in
most cases, they suggest the action desired. Sig-
nals should bedeliberate, for careless signals may
be misunderstood. If necessary, additional signals
may be developed to fill special needs. However,
they should be distinctly different from standard
signals and should be understood by al concerned.
The standard hand signals are charge line, shut
off water in line, cease operations, increase pres-
sure, and decrease pressure.

a. Charge Line. During the day this signal is
given by raising both arms verticaly from the
shoulders, palms to the front, and holding them
stationary until the signal is acknowledged, as
shown in A, figure I-l. At night it is given by
holding a flashlight or lantern in one hand and
raising the arm vertically above the head. The
beam is directed toward the pump ,operator and
the light swung horizontally above the head, as
shown in B, figure |-I.

b. Shut Off Water in Line. This signal is for a
temporary shutdown to allow for line repairs or
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A — DAY
A — DAY

B — NIGHT

B — NIGHT

Figure I-l. Charge line. Figure 1-g, Shut off water in line.
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changes. On receiving it, the operator closes the nal. During the day the signal to shut off the
discharge valve, but continues to pump and holds water is given by extending both arms downward
himself ready to open the valve at the proper sig- at an angle of 45°, crossing them in front of the

body, and swinging them back and forth, as
shown in A, figure 1-2. At night, it is given by
extending one arm downward at an angle of 45°,
directing the beam of the flashlight or lantern
toward the pump operator, and swinging the arm
back and forth in front of the body as shown in B,
figure 1-2.

N

A — DAY

A — DAY

B — NIGHT B — NIGHT

Figure 1-8. Cease operations. Figure 1-4. Increase pressure.
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c. Cease Operations. This signa means that the
operation is over. On receiving it, the operator
disengages the pump, diseonnects all lines, and
picks up his equipment. During the day, this sig-
nal is given by deseribing a circle in front of the
body with an extended arm, as shown in A, figure
1-3. At night, it isgiven by holding aflashlight or

A — DAY

B— NIGHT

Figure 1-5. Decrease pressure.
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lantern in the hand and following the same proce-
dure as for daytime, as shown in B, figure1-8.

d. Increase Pressure. This signal is given once
for each 10 pounds (4.5 kilograms) increase of
pressure required. During the day this signa is
given by extending the arms herizontally and
sideways from the shoulders and raising them to
a45° angle, palms up, as shown in A, figure 1-4.
At night it is given by extending one arm horizon-
tally and sideways from the shoulders, holding
alight in the hand with the beam directed toward
the pump operator, and then raising the arm up-
ward 45°, as shown in B, figure1—4.

e. Decrease Pressure. Each signa indicates a
deerease in pump pressure of 10 pounds per
square inch (0.7 kilograms per sguare centime-
ter). During the day the signal is given by extend-
ing the arms horizontally from the shoulders and
lowering them to a 45° angle, pams down, as
shown in A, figure 1-5. At night it is given by
extending one arm horizontally from the shoulder,
holding a light inone hand with the beam directed
toward the pump operator, and then lowering the
arm to a45° angle, as shown inB, figure 1-5.

1-24. Other Characteristics of Alarm Systems

A functional fire darm system must have the fol-
lowing characteristics.

a. Distribution and quantity of the alarm boxes
must be such that they can be easily and quickly
reached from any possible fire emergency location.
The operation must be so simple that persons
under the strain of excitement are able to report
the location of the fire accurately. Alarms must be
transmitted without interference by nonemer-
gency communications. The system must be able
to operate properly under stress of time and ad-
verse climatic conditions. Alarm systems must
survive fires and other conditions which may tend
to cause a circuit break.

b. The most frequent causes of alarm failures
and inaccurate impulses are the. result of falling
poles and trees, faulty wiring involving commer-
cia utilities, impact of motor vehicles, wind, sleet,
snow, electrical storms, sewer explosions, and ex-
cavations which cut or disturb underground
wires. To assure the dependability of the alarm
systems they must be inspected and tested fre-
quently and kept in the optimum operating condi-
tion.
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CHAPTER 2

CLOTHING AND EQUIPMENT

Section |

2-1. Introduction

Protective clothing provides firefighters with
maximum personal safety which enables them to
approach and attack fires and perform rescue op-
erations effectively.

a. For norma fires in buildings or in the open,
involving basic, ordinary combustible materials
(wood, paper, stored materials, etc.), the protec-
tive clothing issued consists of specia fireman's
bunker coat and trousers with suspenders, plastic
helmet, rubber boots, and gloves (fig. 2-1). This
clothing, when properly worn, gives reasonable
protection to the wearer against normal exposures
to heat, flames, water, cold, and physical injury
without too much sacrifice of body freedom.

b. For more extreme fire-intensity exposure,
such as to flammable liquids, liquid or solid fuels
and propellants, chemicals, or explosives encoun-
tered in typcial aircraft or missile fires, special
protective clothing must be worn in varying com-
binations with the normal clothing. Such addi-
tional clothing consists of special heat reflective
coat and trouser covers and protective head, face,
and shoulder hoods.

¢. All types of protective clothing are intended
to be worn, in various combinations, over and in
conjunction with normal personal work clothing,
depending upon the climatic, work, and fire condi-
tions.

2-2. Normal Protective Clothing

Protective clothing should be put on before leav-
ing the fire station. The following clothing (fig.
2-1) is issued to the firefighter for use in fighting
the normal installation fire :

a. Bunker Coat. This is a aalength coat of spe-
cial water repellent flame-retardant duck outer
cloth, with water repellent liner and a removable
blanket inner lining. Special snap fasteners pro-
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vide a quick-hitch for putting on the coat. The lin-
ing should not be removed except for cleaning.

b. Bunker Trousers. These consist of an over-
trouser of duck cloth and liner, similar to the
bunker coat. The trouser legs are designed for
rapid donning, and to be worn over fireman's
boots. Special waist flap and snap fastening are
provided to facilitate securing in place. Trousers
are generally worn with heavy duty, quick-hitch
suspenders. When not being worn, bunker trou-
sers are normally assembled over boots with sus-
penders arranged to permit donning in a single
movement.

c. Plastic Helmet. This is a special-molded plas-
tic safety helmet with cushioned heat strap to
provide fit and prevent impact head injury. A
chin strap further secures the helmet in place
under arduous work conditions. In some cases, an
additional removable inner liner with ear and
back-of-neck flaps is provided. This helmet pro-
tects against falling debris, contact with obstruc-
tions and, to some degree, against water and mod-
erate heat reflection.

d. Boots. Rubber boots designed particularly for
firemen's use are hip length with a steel safety
toe cap, flexible punctureproof safety insole of
overlapping steel plates, and a heavy corrugated
non-slip, grease resistant outer sole. It protects
the foot against physical injury and may be worn
with equal comfort in both hot and cold climates,
with variations in socks.

e. Gloves. Standard gloves issued for firemen
consist of conventional leather shells of medium-
duty type, with thumb and fingers. These gloves
may be worn either separately or in various com-
binations with cotton, wool, or other fabric or
rubber- or synthetic coated or impregnated liners
or covers, depending upon personal preferences
and local conditions. The leather gloves, while not
as water-repellent or heat insulative as some
types and combinations, are generally preferred,
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since they give reasonable protection and are plia-
ble enough not to hinder the performance of fire-
fighting tasks, It is good practice to carry an
extra pair in the pocket of the turnout coat. As
bestos gloves, unless treated or worn with some
combination of water-repellants, are not recom-
mended because they tend to soak up moisture
and crate severe internal steaming when exposed
to heat.

Figure 2-1. Normal protective clothing.

2-2

f. Protective Clothing Maintenance. After use,
al types of protective clothing should be checked
for damage from cuts, abrasions, burns, or wear,
Reflective fabrics of coat and trousers are some-
what more likely to be cut and torn, especially
when working close to jagged metal such as dam-
aged aircraft. All items of clothing should be
flushed off after use to remove any residues of
fuels, extinguishing agents, oils, chemicals, dirt.

Figure 2-2. Special protective clothing.



etc. Persistent dirt or other contamination should
be removed by washing with soap or mild deter-
gents, water, and a brush. In come cases, mild
solvents may be used for cleaning. Tumbling,
scrubbing, or abrasive action would be kept to a
minimum, particularly for aluminized reflective
fabrics. Clothing should be thoroughly dried after
cleaning to prevent molding or rotting. Some pro-
tective hood models have a special facepiece glass
which may be removed for cleaning or replace-
ment. The glass is removed by unfastening one
side of the frame and sliding out the glass.

2-3. Special Protective Clothing

Special protective clothing is used to fight fires of
extreme heat, such as oil, missile, and aircraft
fires.

a. Aluminized Covers. These consist of separate
long coat and trouser covers made of special
heat-reflective aluminized cloth, the same material
of which the hood and gloves in figure 2-2 are
made. This material reflects about 90 percent of
al radiant heat when clean. The basic fabric is
primarily of noncombustible yarns (minimum 84
percent glass fiber and asbestos), and is not read-
ily ignitable if subjected to flashbacks or contact
with splashed burning fuel. When worn over nor-
mal bunker coats and trousers, with inner liners
removed, they absorb and pass on to the body only
about 1/10th as much heat as the normal duck
bunker clothing. This combined assembly’s weight
is about 30 percent less than that of the standard
bunker clothing with inner liners, and provides
greater freedom of movement, more effective op-
erations, and personal safety. Covers may be
worn over normal arctic type clothing when on
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standby in extremely cold climates. Combinations
of the coat and trouser covers with other clothing
alow the wearer to approach closer to a hot fire
and stay longer safely without becoming uncom-
fortable. By proper prearrangement of the reflec-
tive covers over bunker coats and trousers, they
can be put on in essentially the same time as
bunker clothing alone.

5. Hood. This is a protective plastic skull case-
ment with a sweatband and braces positioned in
the upper portion. To this is fastened a swiveled
headpiece of thin, hard, lightweight fire-resistant
composition material holding a thick safety, fire-
resistant, and heat-reflective glass facepiece (fig.
2-2). The hood assembly-from the skull base in
the rear and chin level in the front-is draped
with a special asbestos and glass fiber heat- and
fire-resistive cloth which drops to the shoulders
when wcrn, to protect the otherwise exposed por-
tion of the head, neck, and face. The entire face-
piece-body assembly to the hood, including draped
fabric, may be swung away from the face to the
top of the hood without moving the skull casement
from the hood. Before entering the fire or fuel
spill area, wearers should check that the fabric
drape is completely down and overlapping the
coat at the shoulders. Wearers should also vacate
the area and remove the hood or lift the facepiece
when they notice vapor inside the hood.

c. Goggles. If a mask is not worn which will
protect the eyes, shatter resistant goggles should
be worn when working with power tools or hand
tools in pulling, cutting, or striking operations.
Goggles must be of good quality to avoid distorted
vision.

Section ll. FIRE APPARATUS

2-4. Breathing Apparatus

The body can survive a great deal of external
damage, but if breathing stops death will result in
a short time. By using the proper breathing appa-
ratus the firefighter will be able to enter and work
in many fire atmospheres and carry out rescue
operations or attack a fire at its seat. A person
working with a breathing apparatus must rely to
a great extent on his sense of touch. His vision
will probably be restricted by smoke and dark-
ness, and to a certain extent by the mask face-
piece itself. It is absolutely necessary that a fire-
fighter is thoroughly trained before he attempts to
use breathing apparatus on the fire ground. In

addition, the apparatus used must be of a suitable
type and properly maintained.

a. Rules for Using a Breathing Apparatus.
When working with breathing apparatus, the fol-
lowing rules must be observed.

(1) Use breathing apparatus only when in
good heath and physical condition.

(2) Do not use breathing apparatus when ov-
erexerted. Do not use if you have already suffered
from exposure to the unbreathable atmosphere.

(3) Check the operation of the apparatus be-
fore entering the fire area

(4) Always work in pairs. It is important to
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have another trained individual present in case of
a malfunction in the apparatus.

(5) When possible, stay in contact with a
hose line, or use a life line, so escape can be made
quickly if necessary. If you should lose contact
with a hose ling, find a wall and follow it to a
window or doorway. To avoid crawling in circles,
feel the flooring. Usually floor boards, seams in
carpeting, or cracks in tile flooring can be located.
Following these will lead you in a straight line to
awall.

(6) Conserve air ; work efficiently and make
every movement count.

(7) Thorough training and practice with the
type of breathing apparatus to be used is abso-
lutely necessary.

(8) Recognize the limitations of the equip-
ment. Under fire conditions you will have to move
slowly as vision is limited. You cannot work as
efficiently with breathing apparatus, but you
might not work at al without it.

(9) Allow sufficient time to get out of the
area in which you are working when the air sup-
ply or the oxygen generating capability of the
apparatus is used up.

b. Breathing Apparatus for General Fire Fight-
ing Use. The compressed air, self-contained de-
mand type breathing apparatus is the only type
apparatus acceptable for use by Army firefighters.
This demand type compressed air apparatus (fig.
2-3) has a tank of compressed air which is car-
ried by the firefighter and supplies air as he needs
it.

C. The Compressed Air, Self-Contained, De-
mand Breathing Apparetus. This breathing appa-
ratus (fig. 2-3) supplies oxygen in the form of
compressed air from a cylinder which is carried
by the firefighter. Its name reflects the fact that
the air from the cylinder is supplied to the wearer
through a demand valve as the wearer inhales.
This valve regulates the flow of air proportionate
to the supply required and reduces the pressure so
that it is supplied to the facepiece at or slightly
above normal atmospheric pressure. A variety of
this apparatus is designed which maintains a
slight positive pressure at all times to insure
against leakage. This apparatus is called a pres-
sure demand breathing apparatus and is similar
in operation to the demand apparatus. Operation
of the demand valve or regulator is fairly simple.
It consists of a large diaphragm which moves in
and out with the wearer’s inhalation and exhala-
tion. As he inhales, pressure on the diaphragm
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COMPRESSED
AIR CYLINDER

LOW PRESSURE
AIR HOSE

CYLINDER
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REGULATOR

HIGH PRESSURE
AIR HOSE

Figure 2—8. The compressed air, self-contained
demand type breathing apparatus.

decreases and permits air to flow from the cylin-
der. The diaphragm permits enough air to flow
from the cylinder to provide air in the facepiece
at or slightly above normal atmospheric pressure.
When inhalation stops, the diaphragm moves in-
ward and stops the flow of air from the cylinder.
An exhaation valve on the facepiece releases ex-
haled air to the outside atmosphere. A speaking
diaphragm is also located on the facepiece of most
apparatus now being manufactured to permit
communication without removing the facepiece.
The air cylinder is normally carried on the user's
back. A cylinder containing about 40 cubic feet (1
cubic meter) of air at a pressure of about 2000
pounds per sguare inch (140 kilograms per sgquare
centimeter), when full, has become standard in
the fire service. It will provide 30 minutes of pro-
tection under test conditions. When used on the
fire ground, conditions will not be exactly the
same as during the tests. The air supply may last
less than 30 minutes, possibly as little as 15 mi-
nutes. Many makes and models of demand breath-
ing apparatus are in use. In all cases, the detailed
instructions provided by the manufacturer should
be followed carefully when using, maintaining,
and repairing the apparatus. The following are
general procedures for using this apparatus.

(1) Inspect the apparatus visually to make
sure that all parts appear to be in good operating
condition.

(2) Check the cylinder pressure gage to be
sure the cylinder is fully charged.

(3) Quickly check all straps to make sure
they are fully extended.



(4) Check the demand regulator to be sure
the main line valve is fully open and the bypass
(red) valve is completely closed. The bypass (red)
valve permits air to flow directly to the facepiece
without being governed by the operation of a reg-
ulator. It is used for escape if the regulator fails
to function properly. If it is necessary to use the
bypass valve, first open it dightly and close the
mainline valve. Next, adjust the bypass vave
slowly until just enough air is being supplied to
the facepiece to permit breathing while escape is
made. If the bypass is opened suddenly excessive
air pressure reaching the facepiece may cause it
to lift and destroy the seal, leaving you exposed to
the contaminated atmosphere until the facepiece
can be seated to obtain a proper seal again. If
both hands are not needed to escape, as they
would ‘be in climbing a ladder, it is possible to
gain additional escape time by opening and clos-
ing the bypass valveas air is needed while you are
escaping.

(5) Turn the cylinder valve to the full open
position. If the mask is so equipped, set the re-
serve lever to start.

(6) Insert the left arm through the harness,
swing the cylinder assenbly on to the back, and
insert the right arm through the harness. It is
important to insert the left arm through first, to
récude the chance of damaging the regulator by

Putting on the compressed air,
gelf-contained demand breathing apparatus.

Figure 2-4.
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striking it on something as the harness swings
around while placing the cylinder on your back
(fig. 2-4).

(7) Take up on the shoulder straps so that
the cylinder is positioned well up on the back.

(8) Fasten the chest and waist straps.

(9) Grasp the facepiece between the thumbs
and forefinger. Place the chin in the lower part of
the facepiece and pull the strap harness back over
the head. Tighten the straps by pulling straight
back, not out to the side, first the lower two
straps, next the two side straps. Place the hands
on the strap harness and push it back toward the
neck. Again tighten the lower straps, then the
side straps. They should be snug and not too tight.
It should not be necessary to tighten the top
strap. Check the fit of the facepiece by placing one
hand over the end of the breathing tube and in-
haling. The facepiece should collapse against the
face.

(10) When ready to enter the structure or
the contaminated area, connect the breathing tube
to the regulator outlet (fig. 2-5).

(11) When the low air pressure warning
device (bell, whistle, or resistance to breathing)

Figure 2-5. Connecting the breathing tube to
the regulator outlet.
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operates, if the apparatus is so equipped, place the
reserve lever in the reserve position, and retreat
to a safe and breathable atmosphere at once. Some
air pressure will remain in the cylinder even after
low pressure warning devices have operated and
escape has been made. This should be alowed to
remain, as a positive pressure in the cylinder will
prevent outside air from being forced into the
cylinder as the air pressure of the atmosphere
changes. This “breathing” would let moisture
into the cylinder and could cause rust. Rusting of
the cylinder might result in cylinder failure under
pressure, or the accumulation of carbon monoxide
within the cylinder.

d. Breathing Apparatus for Special Situations.
Rescue work in an extremely confined space, work
in a remote area of a large building which cannot
be reached or withdrawn from in a short time, or
prolonged operations on an elevated platform pre-
sent situations in which specia types of breathing
apparatus are useful. One of these special types is
the air line apparatus. It is similar to the demand
breathing apparatus, except that air is supplied
through a long small diameter hose from large
compressed air cylinders which are usually
mounted on the fire truck. Another specia type is
the air hose apparatus. It supplies air through a
large diameter hose from a blower or pump lo-
cated outside the unbreathable atmosphere.
Should the blower fail some air can still be ob-
tained through the large diameter hose.

e. Limitations of All Breathing Apparatus
Breathing apparatuses are a means of supplying
air to the firefighter, but other dangers till exist.
In addition to the time limits in which breathing
apparatus functions adequately, the firefighter
may become exposed to intense heat or toxic gas.
Some of the latter can be absorbed through the
skin and produce serious hedth effects.

2-5. Fire Trucks

Because of the various firefighting problems
common to al Army installations, severa types of
fire apparatus (trucks) are provided. These
trucks have pumping capacities ranging from 300
to 750 gallons per minute (gpm) (1135 to 2650
liters per minute). Factors to be considered in
determining apparatus requirements are : loca-
tion, construction, occupancy, property value, ex-
isting safeguards, and availability of outside fire
protection assistance. Current models of struc-
tural firefighting apparatus used by the Army in-
clude class 750A, class 500, and classes 530B and
53oc.
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a. Class 750A Fire Truck. These trucks are the
largest pumping units authorized.

(1) They are, in genera, the same type used
by municipal fire departments. They are mounted
on a 4 x 2 chassis. (The expression “4 x 2" means
that the truck has four axle endings and that two
of them are power driven.)

(2) Water pressure is provided by a mid-
ship-mounted centrifugal type pump, driven by a
special gear train or transfer unit from the vehi-
cle engine. The pump on a class 750A pumper can
supply four 214-inch (6,35-centimeter) hose lines
at the same time under normal operating condi-
tions. The total pump capacity varies with pres-
sure requirements, as follows: 750 gpm (2839 li-
ters per minute) at 150 pounds (68 kilograms)
net pump pressure, 525 gpm (1987 liters per mi-
nute) at 200 pounds (91 kilograms) net pump
pressure, and 375 gpm (1424 liters per minute) at
250 pounds (113 kilogramg) net pump pressure.
The booster water tank is mounted in the front
end of the hose body and is permanently con-
nected to the intake side of the pump. Its capacity
is 150 gallons (568 liters).

(3) The hose body can hold from 1,000 to
2,000 feet (305 to 610 meters) of 2l4-inch (6.35-
centimeter) double jacketed hose. In addition, the
class 750A fire truck carriers 150 feet (46 me-
ters) of I-inch (2.54-centimeter) booster hose
permanently attached to the discharge side of the
pump. The purpose of the booster tank and the
attached I-inch (2.54-centimeter) hose is to ena
ble the firefighting crew to extinguish a small fire
in the fastest way possible before it spreads so

‘much as to require a lengthy major layout and

loss of considerable time and property. The
booster hose may be carried either on a redl or in
a compartment basket.

(4) On the class 750A fire truck the linemen
and the plugman can ride in the cab behind the
driver. Ladders and hard suction hoses are in
compartments on top of the side compartments,
al tools and accessories are in closed compart-
ments, all pump controls are in closed compart-
ments, and there is a 40-gallon (152-liter) foam
tank located forward of the water booster tank.

b. Class 500 Fire Truck. The elass 500 fire truck
is commonly used at most installations.

(1) It is similar to the class 750A fire truck
except that it is smaller, has less pump capacity,
and all tools and equipment are externally
mounted. The class 500 fire truck has a 4 x 2
chassis and 90 to 100-horsepower engine. It car-



ries a midship-mounted 500-gpm (1892-liter per
minute) pump, a booster water tank, hose body,
and all standard firefightingtools and equipment.

(2) The centrifugal pump, driven by atrans-
fer unit from the main engine, can supply two
214-inch (6.35centimeter) hose lines within its
limits of capacity. It uses a150-gallon (568-liter)
booster tank, 750 to 1,000 feet (229 to 305 me-
ters) of 214-inch (6.85-centimeter) hose, and a
150-foot (46-meter) |-inch (2.54-centimeters)
booster line hose.

c. Class 580B Fire Truck The 530B pumper
truck (fig. 2-6) isa 6 x 6, 214-ton (2.2%metric
ton) truck equipped to combat all classes of fires.
It has a 500-gpm (1892-liter per minute) mid-
ship-mounted pump, a 400-gallon (1514-liter)
booster water tank, and 40-gallon (152-liter) lig-
uid foam tank. It can carry 800 feet (244 meters)
of 114-inch (3.8-centimeter) hose and 1,200 feet
(366 meters) of 214-inch (6.35-centimeter) hose.
Two hose reels each containing 150 feet (46 me-
ters) of I-inch (2.54-centimeter) hose are located
behind the cab. This truck, like all other fire
trucks discussed in this section, has a foam pro-
portioning System for introducing foam into the
water discharge. As a self-contained general pur-
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pose firefighting vehicle, this truck is completely
equipped with portable extinguishers, ladders,
floodlights, flashlights, tools, and other accessories
commonly knows as “removable firefighting equip-
ment,” The equipment on this truck, like the
equipment on the class 500, is in the open and
visible. The pump controls are external and the
hosemen ride on the tailboard. See paragraph 1-6
for the different units that may be used with the
5308,

d. Class 530C Fire Truck, The 830C (fig. 2-7)
is the same as the 530B fire truck, except that the
530C has a turret extinguisher (pump) which
permits extipguishment while the truck is mov-
ing. The 530C also has a 750-gpm (2839-liter per
minute) pump instead of the 500-gpm (1892-liter
per minute) pump on the 530B.

e. Trailer-Mounted Pumping Unit. The trailer-
mounted pumping unit consists of a two-wheel
trailler carrying a self-contained 500-gpm (1892
liter per minute) centrifugal pump directly con-
nected to a 90- to 110-hp engine, 300 feet (92
meters) of 114-inch (3.8-centimeter) hose and 500
to 700 feet (152 to 214 meters) of 214-inch (6.85-
centimeter) hose, and the standard firefighting
equipment. The pump does not have a perma-

Figure 2-6.530B fire truck.
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Figure 2-7. 530C fire truck.

nently installed pressure regulator or pressure-re-
lief valve. The pump operator must meet changing
firefighting requirements by manually adjusting
the controls. The pump can supply 21%-inch
(6.35-centimeter) hose lines at 500 gpm (1892 li-
ters per minute) at 120 pounds (54 kilograms)
net pump pressure, 250 gpm (946 liters per mi-
nute) at 200 pounds (91 kilograms) net pump
pressure, and 167 gpm (632 liters per minute) at
250 pounds (113 kilograms) net pump pressure.

f. Skid-Mounted Pumping Unit. The skid-
mounted pumping unit is a self-contained unit
consisting of a powerplant and a 500-gpm (1892
liter per (minute) pump mounted on a single-skid
base. Fire departments may augment the water
supply and pressure on such systems by pumping
from the hydrant through one or two 214-inch
(6.35-centimeter) hose lines connected to the fire
department (Siamese) connection of the sprinkler
system.

Section lll. TOOLS, APPLIANCES, AND KNOTS

2-6. Introduction

a. The tools, appliances, and egnipment needed
in firefighting vary greatly according to thesitua-
tion. The firefighting tools and appliances dis-
cussed in this section include hoses and hose tools,
ladders, special tools such as axes and pry-bars,
ropes, wrenches, couplings and connections, sal-
vage equipment, and lights. It is most important
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that the firefighter be familiar with al the tools
and appliances he may use.

b. In addition to itemizing, identifying, and de-
scribing the types of equipment used, this section
also explains operation, safety procedures, and
preventive maintenance as they apply to each type
of tool and appliance.



2-7. Hoses

Hose layouts subjected to any degree of high pres-
sure are aways a potential source of danger and
may contribute to the failure of an operation.
Accidents and failures caused by discharge lines
can be prevented if firefighters are well trained in
the proper use of hose lines and if complete tests
and inspections of hoses and related equipment
are made periodically.

a Types. Five types of hose are currently being
used by the Army, some much more widely than
others. The most widely used type is the cotton-
jacket, rubber-lined hose in 214-inch (6.35-centi-
meter) and 1l4-inch (3.8-centimeter) sizes. An-
other type used is the rubber-covered, rubber-
lined hose, usually in comparatively smaller di-
mensions, used for finishing lines, booster lines,
and high-pressure hoses. A third type is the rub-
ber-lined, wire-reinforced hose, used in operations
where rigidity is essential. A fourth type is the
unlined linen hose, which is light and pliable but
not immediately watertight. The ‘fifth type is the
polyester hose. This hose is made of light weight
dacron with pin or rocker plug couplings. It comes
in standard 50-foot (15-meter) lengths in 114-
inch (3.8-centimeter) and 214-inch (6.35-centime-
ter) diameters.

b, Care of Hose. Hose is so vital to firefighting
operations: that its care must be the responsibility
of every firefighter. The following are some of the
causes of lhose damage and general precautions in
handling hose.

(1) Dragging the hose along the ground fre-
quently results in cuts, abrasions, punctures, and
damaged couplings, threads, or lugs.

(2) Pulsations in the pump cause the suction
and discharge hose sections to vibrate which
chafes the hose jackets where the hose touches.
Serious hose injury results when these surfaces
are rough or have sharp edges. Hose damage ig
most pronounced near the engine. Farther away,
the vibration is absorbed by the elasticity of the
hose.

(3) Vibration may be almost unnoticed, yet it
may weaken the hose so much that it fails in a
relatively short time. To prevent this, chafing
boots must be inserted between the hose and the
ground at the affected points. If chafing boots are
not available, burlap, rope cushions, or any stite-
ble substitute may be used. The chafing boot con-
sists of a pad, usually a portion of salvaged
hose, which is strapped or clamped to the hard or
soft suction hose during pumping operations.
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(4) Hose may be damaged by improper oper-
ation at the shutoff nozzle. Closing the nozzle
quickly causes a sudden increase in pressure
which may rupture the hose. If the nozzle is
opened quickly, back pressure will increase 50
percent, and the operator may lose control of the
hose, which may injure personnel in addition to
damaging the hose.

(5) One of the most common causes of hose
injury is the result of vehicles being driven over
hose layouts. Serious damage is less likely when
the hose is charged with pressure. When the hose
is empty or under insufficient pressure, the jacket
may be separated from the lining or the hose may
be ruptured or torn from the coupling. This type
of damage can be prevented by hose bridges (fig.
2-8). Two of them should be built and carried on
the truck at all times. After the hose lines are
laid, the bridges are placed over them at the de-
sired spacing, generally about 4 feet (1.2 meters)
apart. If standard bridges are not available, a
suitable bridge may be set up with materials
found at the scene of the fire. A simple bridge
consists of planks, laid on each side of the hose,
thick enough to keep the wheels from striking the
hose.

(6) When possible, the hose lines should be
stretched on the same side of the road as the fire.
The lines should be laid parallel to the curb, but
not so close to the curb that acid or oil floating
down the gutter may come in contact with the
hose. When a street or areaway must be crossed,
the hose should be laid on the same side of the
street as the hydrant, parallel to the curb and up
to a point opposite the fire, then across the street.
Thus, fire equipment that follows need not travel

Figure 2-8. Hose bridges.
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over the hose unless it is necessary to pass to the
far side of the fire.

(7) Where freezing temperatures are
common, hose is frequently damaged by rough
handling during the winter. When the hose is
frozen, the fibers are weakened and the threads
which run lengthwise in the hose are warped. A
break in the hose will be caused if it is not han-
dled carefully. If the hose is frozen to the ground
or street, remove it by carefully chopping away
the ice beneath it. Do not remove the ice which
remains stuck to the hose. Place the hose in the
truck with the least possible bending and forcing
and take it back to the station. After the frozen
hose thaws out, it should be stretched out, washed,
and left to dry.

(8) Firehose should not be dropped because
this may damage the couplings. When possible,
the hose should be carried at the couplings. When
hose is carelessly handled, the exposed threads of
the male coupling may be damaged so much that
efficient connection to the female coupling is im-
possible. The female coupling is easily knocked
out of round, thus making the entire 50-foot (15-
meter) length of hose useless in a layout.

(9) Firehose is frequently and unavoidably
burned at fires, All hose which has been exposed
to fire should be turned in to salvage if extensive
damage is found at a considerable distance from
either of the couplings. When the damage is close
to the coupling, the damaged portion may be cut
off and the coupling replaced.

(10) If hot liquids penetrate the cover of the
hose, the lining is loosened seriously which weak-
ens the hose. Chemical injury cannot always be
prevented, especialy at fires at chemical depots
and warehouses. In addition, it is amost impossi-
ble to detect the presence of injurious chemicals
in water that may be flowing from a burning
structure. Many acids, even when diluted, can
stain and destroy the hose jackets. When acid
damage is suspected, each length should be care-
fully examined for brown or powdery spots. The
exposed portions should be washed immediately
and thoroughly with baking soda solution and
then given a pressure test.

(11) Petroleum products such as gasoline,
oils, and greases, upon coming in contact with
hose, cause rapid deterioration of the rubber lin-
ing by dissolving the cement and loosening the
lining from the jacket. When a single hose length
is used after having been exposed to lubrication
products, the lining tears apart and piles up in
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one end of the hose. This causes considerable loss
or complete stoppage of waterflow.

(12) Paint and paint thinner are equaily
harmful to firehose. Consequently, paint should
not be used to mark the hose. A thin application
of indelible ink with the aid of a stencil should be
used. Hose should be cleaned with mild soap and
water solution, followed by a thorough rinse in
clean water and a complete drying process to pre-
vent mildew. Damp or dirty hose should never be
stored. Hose such as the dacron type will not mil-
dew and may be stored wet in warm weather.

C. Maintenance. Improper or incomplete mainte-
nance shortens the life of the hose and may result
in hose failure at a critical time. Hose mainte-
nance is somewhat complicated because hose com-
ponents present entirely dissimilar problems. The
jacket and rubber lining deteriorate with age re-
gardless of whether or not the hose is used. Rub-
ber deterioration can be delayed if the lining is
not alowed to dry rot. If the jacket is kept wet, it
is subject to mildew and fungus which destroys
the fiber. Keeping the rubber moist and the cotton
clean and dry requires frequent handling of the
hose, which makes the couplings more liable to
damage.

d. Inspections and Tests. Fabric-jacket, rub-
ber-lined hose must be inspected daily and after
each use.

(1) The after-use inspection includes the re-
moval and inspection of all hose which is wet.
After the fabric jacket is cleaned and visually
inspected, the couplings should be examined for
proper operation and the hose placed on the
drying rack. If there is dirt or dampness in the
hose bed, the remaining hose should be removed
from the truck and replaced with clean, dry hose.

(2) All discharge and suction hoses should be
hydrostatically tested seminannually to determine
whether each section can withstand operating
pressures. Up to six lengths (300 feet (92 me-
ters)) of discharge hose may be tested at one
time. One-inch (2.54-centimeter) rubber-covered
hose and 114 (3.8) and 214-inch (6.35centimeter)
double, cotton-jacket, rubber-lined hose should be
tested at 150 pounds (68 kilograms) of pressure,
Fabric-jacket, rubber-lined 114- (3.8) and 215-
inch (6.35-centimeter) hose should be hydrostati-
cally tested at 250 pounds (113 kilograms) pres-
sure for 5 minutes. The hard and soft suction hoses
should be tested at 100 pounds (45 kilograms) of
pressure. The hard suction hose should be vacuum



tested to an Ill-pound (5-kilogram) vacuum on the
pump and the lining examined for detects. All
previously mentioned hose inspection procedures
are repeated together with the hydrostatic tests
on the semiannual inspection.

e. Drying. All hose must be dried before being
stored. The interior of each length must be
drained of all water. Water that remains in the
hose for any length of time tends to remove the
sulfur from the rubber, as shown by a sulfuric
acid solution which can be drained from carelesdy
stored hose. Hose-drying racks may be of any size
or general arrangement as long as they have a
reasonable sope to encourage drainage.

f. Storage. Proper storage of unused hose is a
vital part of hose maintenance. To prevent rapid
deterioration, hose should be stored in a clean,
dry, well-ventilated location out of direct sunlight
and away from heating pipes and radiators. Heat
and sunlight cause rubber covers and linings to
become hard and brittle.

g. Replacing Damaged Couplings andSalvaging
Hose. Fire-department personnel are responsible
for replacing damaged hose couplings and for sa-
vaging damaged hose. Damaged hose may be sal-
vaged by cutting out defective portions and recou-
pling the remaining portions. Not less than two-
thirds of a section should be recoupled, athough
short lengths may be used occasionally for pur-
poses other than layouts to fires. Couplings should
be removed and replaced as follows :

(1) Place the coupling in a vise and cut
through the expansion ring with a chisel or some
other tool.

(2) Remove the expansion ring, hose, and
rubber gasket.

(3) Cut off the damaged portion of the hose
with a sharp knife and make sure that the end of
the hose is square and smooth.

(4) Place the expansion ring in the coupling.

(5) Fit the expansion ring inside the hose
flush with the hose end.

(6) Insert the hose in the coupling tailpiece.

(7) Make sure the hose is flush with the gas-
ket and the shoulder of the coupling.

(8) Using an expansion tool, expand the ring
unti: it locks firmly inside the coupling. Several
types of expansion tools are manufactured. The
directions for use and specifications for pressure
are published by each manufacturer. Follow these
directions and specifications exactly.
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h. Hose Records. Complete records of perform-
ance, maintenance, and testing are a basic part of
any maintenance program. The minimum records
required for firehose are kept by fire-department
administrative personnel.

(1) As each length of hose is received, an
identifying number is stamped on its coupling. At
the same time, a record (DA Form 5-78) is set up
indicating the hose number, type of hose, date
received, and manufacturer (fig. 2-19). There-
after, operating and maintenance data are entered
regularly on this form.

(2) Entries include the date the hose was
tested, test pressures, and remarks on the test;
explanation of any hose failure, the cause and the
date ; date of any recoupling; and details of other
unusual maintenance. Firehose records are kept
in the fire station where they are available for
immediate reference. In addition, copies of test
reports may be kept in the daily department rec-
ords.

2-8. Hose Couplings

a. Use. Hoses are issued in sections fitted with a
female-threaded coupling at one end and a male-
threaded coupling at the other. Hard-suction
hoses are usually in 10 to 14-foot (3 to 3.8-meter)
lengths. Hose lines may be made any desired
iength by coupling individual sections together.
For fire service use, hose couplings must-

(1) Be easily and quickly made up and bro-
ken (connected and disconnected).

(2) Form a watertight connection when
handtight.

(3) Hold  securely when hose is dragged or
hoisted.

(4) Withstand damage from dragging and
dropping when coupled.

(5) Be reusable so that damaged portions of
hose, if close enough to an end, can be cut off and
the remaining portion recoupled.

b. Types. Several types are available, the screw
type having a mae coupling with external threads
and a swiveling female coupling with internal
threads being most widely used. Couplings should
conform to the National Standard Fire Hose
Thread (NST) for the particular size hose. This
enables hose to be used interchangeably when
different departments work together on the fire
ground. The following are some of the couplings
and connections.

(1) Double male couplings or connections
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Figure 2-9. Sample firehoge record.

Figure 2-10.

Double male and double female couplings.

consist of a single piece of metal hose coupling
containing two sets of exposed male threads (fig.
2-10). The purpose of the double male connection
is to enable the joining of two female connections
which could not otherwise be united.

(2) Double female couplings consist of two or
three pieces of metal hose coupling containing two
sets of female threads (fig. 2-10). When double
female couplings have only one swivel, the connec-
tion frequently contains only two pieces of meta,
and the solid portion should be connected first.
Double femae couplings which have two swivels
consist of three metal parts, and it is optiona as
to which female should be connected first. The
purpose of the double female connection is to
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connect two male couplings to complete a hose
layout.

(3) Other types of coupling include snap,
quarter turn, and reducing couplings (fig. 2-11).
The snap coupling has spring loaded clips or lugs
on the female coupling which clamp over a ring
on the male coupling. Couplings are broken by
disengaging the clips. The quarter turn coupling
has beveled lugs on the couplings at each end of
the hose. They are made up by twisting a quarter
turn, which causes the beveled lugs to interlock.
While both types can be made up and broken
quickly, the advantage of being able to couple
with a neighboring fire department’s hose may be
lost. Reducing or five part couplings are often
used on 3-inch (7.6-centimeter) hose so it can be
used interchangeably with 214-inch (6.35-centi-
meter) hose. The smaller waterway caused by the
reduction does not affect performance much be-
cause the length of small waterway is very short
and a jet or venturi effect is created. Except for
the reducing feature and construction, they are
the same as the NST screw type.

c. Features of Serew Type Couplings. The NST
standards specify the number of threads per inch
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NST SCREW
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Figure 2-11. Couplings.

Figure 2-12. Higbee thread indicator.

(or centimeters), the shape and dimensions of

threads, and use of the Higbee cut. The latter

consists of cutting a blunt end on the first thread

so that a positive start is made in engaging

threads and prevent the crossing of threads. It

also results in a short blank end on each coupling
that helps to aline the threads and reduces

chances of damaging threads if the coupling is

dropped. The Higbee thread indicator (fig. 2-12)

is a notch cut in one lug to show the position of

the Higbee cut. By lining up the thread indicators
on both couplings, and they are deep enough to be
felt with gloves on, threads will engage on the

first turn.

d. Material. Brass alloys are commonly used for
couplings. They are a'so made of auminum aloys,
aluminum, and malleable iron. Iron rusts and
pure aluminum, while light, is easily damaged.
Various aluminum alloys are lighter than brass
and hold up well in service, but are more expen-
sive.

e. Lugs. Lugs (fig. 2-13) are provided on cou-
plings so that a grip can be obtained with
wrenches, called spanner wrenches or spanners,
(fig. 2-14) to assist in breaking couplings. On
rubber lined fabric hose the rocker lug (either
two or three lugs) is normally used. This consists
of rounded ears which provide a good gripping
surface for wrenches, but tend to slide over ob-
structions as hose is laid. Couplings with pinlugs,
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dot or Navy type lugs, and nut or forestry type

shape are also used. Pin type lugs catch on ob-

structions and on each other in the hose bed. Slot

and nut type couplings are satisfactory but the

rocker lug is better suited for use witth different

types of spanners and provides a better grip when
making handtight connections. Making and break-
ing couplings is normally unnecessary when using
booster hose; therefore, couplings with holes for

use with special booster hose spanners are usually
used. These have no projections to catch on ob-

jects. Hard and soft sleeves, on the other hand,

are carried, rather than dragged, and must be

made up each time the sleeve is used. They are

usually equipped with long handled lugs to facili-
tate making and breaking of the couplings.

f. Means of Attaching to Hose. The most
common means of attaching couplings to hose

A. THREE ROCKER LUG B. TWO ROCKER LUG
C. BOOSTER TYPE WITH HOLES INSTEAD OF LUGS

D. PIN LUG E. LONG HANDLED TYPE FOR USE

WITH SLEEVES

Figure 2-18. Types of coupling lugs.
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Figure 2-14. The SPpaNNer wrench.

(fig. 2-15) is with an expansion ring. A ductile
brass ring or collar is placed inside the hose. The
coupling is placed over the hose and the ring ex-
panded under great pressure to force the hose
jacket against the corrugated inner face of the
coupling. Couplings can be reused by extracting
the expansion ring and using a new one. A means
of attaching couplings with a screw sleeve is also
used. With this method, the coupling shell slips
over the hose jacket. A sleeve containing the male
threads or female swivel and threads on one end,
and a double threaded section on the other end, is
screwed into the hose and forced against the shell.
Such couplings withstand greater water pressure
and pull on the hose than expansion ring types.
They are used most often with booster hose,
though available for hose up to 214-inch (6.35-
centimeter) diameter. A specia key and wrench
are used to attach the couplings, which can be
removed for reuse by unscrewing the sleeve. A
third means involves dlipping a coupling shell,
with threads or swivel and threads, over the hose
jacket, inserting a tapered sleeve and pulling up
on the shell. To reuse, the shell is driven back off
the tapered sleeve.

9. Making up Couplings. Couplings, particularly
on rubber lined fabric hose, must be made up
quickly. Making up or connecting couplings in-
volves two actions: alining the hose and couplings
and connecting the threads. If hose is being
loaded in a hose bed, the additional step of check-
ing for the presence of a gasket in the female
coupling bowl is taken before making up thecou-
pling. The hose is alined so that the flat sides of
each length are in approximately the same plane.

2-14

COUPLING ATTACHED TO HOSE WITH EXPANSION RING.

COUPLING ATTACHED TO HOSE WITH SCREW SLEEVE.

COUPLING ATTACHED TO HOSEWITH TAPERED SLEEVE.

Figure 2-15. Attaching couplings to hose.

Next, the couplings are alined so that threads will
engage. Then the couplings are held steady and
the threads engaged by operating the swivel on
the female coupling.

(1) One-mm coupling procedure. Making up
couplings is normally a one man operation (fig.
2-16). The female coupling is picked up with one
hand on the swivel. The hose is brought across the
right (or left) hip with the feet spread comforta-
bly apart. The hose is held against the hip with
the forearm. The male coupling is held with one
hand, the female coupling with the other. Thecou-
plings are alined by manipulating the swivel on
the female coupling to engage the threads. An
alternate method is to aline the hose and cou-
plings on the ground. The firefighter faces the
couplings, feet spread comfortably, with one foot
on the hose directly behind the male coupling (fig.
2-16). This will tilt up the coupling and at the



same time hold it in position. The hose with the
female coupling is brought up to the male cou-
pling and the threads are engaged by operating
the swivel. This method is not practical in deep
snow, mud, or similar conditions. The swivel is
rotated counterclockwise until a click is heard,
then the threads are engaged by rotating the
swivel in the opposite direction. If the couplings
contain Higbee thread indicators, line up the
notched lugs and rotate in a clockwise direction.
(2) Two-man coupling procedure. TwWo men
make up couplings (fig. 2-17) by each grasping a
coupling and holding the hose against the hip
with one forearm. The man with the male cou-
pling holds the coupling so that the other mancan
aine the female coupling with one hand and oper-

ALTERNATE METHOD OF MAKING UP COUPLINGS.

Figure2-16. Coupling hoses.

™ 5-315

ate the swivel with the other, thus engaging the
threads. Couplings are made only handtight be-
cause the hose is constructed so that when it is
charged with water it twists and tightens the cou-
plings. If couplings are tightened with wrenches
the gaskets may be flattened until they protrude
into the waterway which partially restricts the
flow of the water. It also damages the gasket. The
last step in making up couplings is to give a sharp
twist or snap as the threads seat home. With a
good gasket this results in a watertight connec-
tion. Gaskets are checked by removing them from
the female swivel and flexing them between the
thumb and forefinger (fig. 2-18). If they spring
back to aflat position they are usable. If not they
should be replaced. bonot leave couplings without
a gasket. If the gasket must be replaced, do so as
soon as possible. If the female swivel on a hose
coupling continues to swivel after the couplings
are tightened, the threads have not seated com-
pletely and require further adjustment.

h. Breaking Couplings. Couplings usualy are

Figure g-17. Two men making up couplings.

Figure 2-18. Checking the condition of a gasket.
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Figure 2-18. Using spanners to break couplings.

Figure 2-20. Using a rubber mallet to tighten
couplings for dafting

broken (released) in the same way they were

made-by hand, In the process, the arm and

shoulder muscles are used, not the fingers. Span-

ner wrenches (fig, 2-14) are used as shown in

figure 2-19 on couplings that cannot be broken by
hand. The fingers are extended asshown in figure
2-19 to prevent injury when the coupling breaks

loose or the spanner dlips.

i. Coupling Sleeves for Drafting, Hand-tight-
ened connections usually suffice for coupling hose,
but connecting sleeves for drafting and booster
hose require tightening with a tool, In drafting
operations, hard sleeves must be airtight. Thisis
done by using a wooden or rubber mallet as shown
on figure 2-20.
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4. Avoiding Damage to Couplings. Damage to
couplings is usually the result of the following:

(1) Dropping of uncoupled couplings.

(2) Dragging of uncoupled couplings.

(3) Excessive strain or pull, or pressure, on a
hose line.

(4) Grit or dirt in the swivel This binds the
swivel on female couplings. Dirty couplings must
be washed with water that is mildly detergent. Oil
or grease only increases the possibility of picking
up more dirt.

(6) Crossing of couplings by heavy vehicles.

2-9. Nozzles

Nozzles are devices which regulate the amount
velocity, and form of water released from a hose.
The following are the different types of nozzles
used by firefighters.

a. Fog Node. A fog or spray nozzle (fig. 2-21)
normally consists of afog tip, a controlling shut-
off, and, in the larger sizes, a playpipe with han-
dles to make controlling of the nozzle easier, The
fog or spray nozzle breaks up the water stream
into particles of water which cover a larger area
and increase the heat absorbing capability of the

A.STREAMDEFLECTED FROMBAFFLE
B. IMPINGING STREAM
C. CENTRIFUGAL TYPE

Figure g-21, Types of high velocity fog



Figure 2-22.

Measuring the angle of a fog stream.

water. Fog nozzles may produce a fixed fog pat-
tern, or the pattern may be adjustable from a
straight stream (which is not a solid stream) to a
wide angle fog of nearly 180 degrees. The angle of
a fog stream is the approximate angle formed
from one edge of the stream to the other (fig.
2-22). Nozzles are availakle that discharge an al-
most constant volume of water as fog patterns are
changed. Others will discharge varying volumes
of water depending on the pattern. Still others
have sdlectors to change the volume of discharge,
with the discharge remaining almost constant as
patterns change at a given setting.

b. Solid Stream Nozze. The solid stream nozzle
(fig. 2-23) normally consists of an cpen tip, a
controlling shutoff, and a playpipe with handles to
make controlling the nozzle easier. The volume of
water discharged at a given pressure depends on
the size of the tip. Tips are usually interchangea-
ble to obtain different volume discharges. This is
an aid if the water supply will not provide an
effective stream with the larger size tips. The pur-
pose of a solid stream nozzle is to project water so
that it will travel a distance or will penetrate
through loose or porous material. Effectivness of
the nozzle depends on a smooth surface in the tip,
so care must be taken not to drop or otherwise
dent or damage the tip. Design of the solid stream
nozzle produces a thrust backward on the nozzle
and hose when it is used. It is important to be
prepared for this reaction when using this type of
nozzle.

¢. Combination Nozze. The combination nozzle
(fig. 2-24) has both a fog tip and a solid stream
tip. The controlling shutoff has pcsitions for hoth
fog stream and solid stream operation, as well as
an off position. It should not be used on electrical
or flammable liquids fire because the control han-
dle might accidentally be shifted to the solid
stream position.
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Figure 2-2.4. Combination nozzle.

d. Applicators. An applicator (fig. 2-25) con-
sists of a controlling shutoff, a pipe 2 to 10 feet
(0.6 to 3 meters) long, often bent at a 45 or 90
degree angle at the tip end, and a tip which may
be of the solid stream, high velocity fog, or low
velocity fog type.

(1) Low welocity fog tip. This is an imping-
ing stream nozzle or head (fig. 2-25) in which the
streams join (impinge) outside the head, produc-
ing a cloud of fog in the vicinity of the tip, as
cempared to a fog stream which projects out from
the tip.

(2) Puncture nozzle. This is a pointed, hard-
ened steel nozzle (fig. 2-26). This nozzle can be
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LOW VELOCITY FOG APPLICATOR.

LOW VELOCITY FOG TIP.

Figure2-25. Low velocity fog tip and applicator.

Figure 2-27. Partition nozzle.

Figure 2-26. Puncture nozzle.

driven through walls and siding, or into loose ma-
terial such as baled fibers. A place is provided
near the base of some puncture nozzles so they
can be driven in with a flathead axe or similar
tool.

(3) Partition nozzle. The partition nozzle
(fig. 2-27) discharges a solid stream at a 90°
angle to the pipe, with the direction of the stream
controlled by a handle. The partition nozzle often
has a pointed projection near the tip to aid in
pushing it into a wall, though materials through
which it can be driven are more limited than with
the puncture nozzle.

e. Distributor andCellar Pipe.
(1) Distributor. A distributor (fig. 2-28)
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ROTATING DISTRIBUTOR IN OPERATION

Figure 2-28. Distributors.

consists of a swivel with an arrangement of
straight or fog tips. The reaction of the tips
causes the swivelled head to rotate rapidly. This
throws a spray in a spherical pattern around the
distributor. It is useful for attacking fires that
cannot be reached by other means. Before the
device is put in operation a controlling shutoff
must be placed in the line so that the distributor
can be shut down before removing it.

(2) Cellar pipe. The cellar pipe (fig. 2-29)
consists of a short pipe with one or two straight
tips and levers to control the direction of the
stream or streams. Cellar pipes are used in the



CELLAR PIPE

CELLAR PIPE IN OPERATION

Figure 2-29. Cellar pipe.

same manner as distributors but have greater
reach. They also require a controlling shutoff like
the distributors.

f. Master Stream Devices. Basicaly, a master
stream device (fig. 2-30) consists of a siamese or
manifold arrangement for collecting water from
more than one line of hose and for mechanically
directing the stream and the nozzle tip. Tips are
removable so that the proper type and size can be
used for a particular situation. A length of pipe
called a stream straightener is used with solid
stream tips. It contains thin baffles or vanes to
keep the large volume of water from swirling and
breaking up the stream. A monitor nozzle is used
from the ground and can be mounted for use on
an engine. A deluge set is an older version of the
monitor nozzle. It consists of separate parts
joined by a large diameter pipe or hose. It nor-
mally is not mounted on an engine because its
rotation would be limited. The deck pipe is
mounted on an engine, connected directly to the
pump by piping. It may aso be connected to sia-
mese inlets mounted permanently on the engine or
truck. A ladder pipe is attached to an aerial lad-
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der, It is supplies by a large diameter hose with
the Siamese on the ground. Some ladder pipes are
mounted permanently on the bed section of an
aerial ladder. All master stream devices have con-
trols to govern the vertical direction of the
stream. The monitor nozzle and deck pipe have
horizontal direction controls as well. Some ladder
pipes and deluge sets have controls to permit lim-
ited horizontal movement of the stream. A ladder
pipe should be moved horizontally by rotating the
ladder. This avoids placing dangerous stress on
the ladder.

g. Sprinkler Heads. Heads on sprinkler systems
(fig. 2-31) in structures act as metering devices.
They give the advantage of applying water in the
fire area without sending men into it. Fire depart-
ments must supply such systems with hose lines
from engines to assure adequate volume andpres-
sure of water.

2-10. Devices Which Control Flow

Thefollowing are in-line valves which control the
flow of water through hose lines:

a. Ball Valves. The ball valve (fig. 2-32) con-
sists of a housing with couplings, a ball with a
waterway through the middle, and a handle to

A. MONITOR NOZZLE
C. DECK PIPE

B. DELUGE SET

D. LADDER PIPE

Figure 2-30. Master stream devices.
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ROTATINGBAFFLE
VALVE

BUTTERFLYVALVE

Figure 2-32. Devices that control flow.

turn the ball. In most models, when the handle is

turned in line with the hose line the valve is open.

Turning the handle to a right angle to the hose
line, or to aright angle to the open pesition, ro-
tates the ball and shuts the valve, Earlier versions
have a cylinder in place of the ball.

b. Gate Valve. The gate valve (4ig. 2-32) has a
housing with couplings and a baffle, or solidplate
which is operated by a handle and screw arrange-
ment. Turning the handle moves the baffle down
into (or up out of) the waterway.

c. Butterfly Valve. A butterfly valve (fig. 2-32)
or keystone type valve consists of a housing with
couplings, and a baffle or plate connected to a
guarter turn handle. It operates in the same way
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as the ball valve, except that the flat baffle in-
stand of a ball with a waterway forms the shutoff.
The chief advantage of the butterfly valve is ease
of maintenance and repair.

d. Rotating Baffle Valve. Rotating baffle valve
(fig. 2-32) consist of two baffles, each with two
open 90-degree segments. Turning one of the baf-
flesto line up its open segments with those in the
second cpens the valve. Turning it to line up its
open segments with the closed segments in the
second baffle closes it. This type valve is aso
known as the “gizmo”.

2-11. Devices That Combine or Divide Flow

The following are combining or dividing devices
used by firefighters:

a. Wyes. A wye (fig. 2-33) divides a hose line
into two lines of the same or smaller size. If it has
controlling valves (gateor ball valve), it is known
as agated wye. Most controlling valve wyes today
are manufactured with ball type valves, If the
wye divides the line into smaller linesit is called a
reducing wye or gated reducing wye. The gated
reducing wye which divides a 2V,-inch (6.35-cen-
timeter) hose line into two 114-inch (3.8-centime-
ter) lines is very common.

FOUR WAY SWITCH VALVE

Figure 2-33. Combining and dividing devices.



b. Siamese. The siamese iS a Y-shaped connec-
tion (fig. 2-33) which combines two ormore hose
lines into a single line of the same or larger size.
It is used primarily to join two 214-inch (6.35-
centimeter) intake lines into a single 214-inch
(6.35-centimeter) outlet line or into other heavy
stream appliances. Siamese may have swing check
valves (clapper valves) to assure that water will
not flow back through any of the inlets, and are
then called clapper valved siamese, They may
have gate or ball valves called gated siamese. A
siamese that combines from two to four small
lines into a single larger line is known as an in-
creasing siamese. The gated increasing siamese iS
often carried on the large steamer inlet of a
pumping engine and is also known as a suction
siamese.

c. Water Thief. The water theif (fig. 2-33) has
a2l4-inch (6.85-centimeter) inlet and two gated
114-inch (3.8-centimeter) discharges, as well as a
214-inch (6.35-centimeter) discharge which may
or may not have a controlling valve. It is used for
taking short attack lines from a 214-inch (6.35-
centimeter) or B-inch (6.6%centimeter) supply
line.

d. Four-Way Switch Valve. The four-way
switch valve (fig. 2-33) is used to hook up a sup-
ply line to a hydrant. It permits hooking. up a
pumping engine to the hydrant later, without
shutting down the supply, and then increasing
water pressure in the supply line.This is done by
moving a single rotor or two baffles, depending
on the design of the valve, so the path of the
water is changed from the supply line to the en-
gine and back through the supply line.

2-12. Adapters for Coupling

Adapters are used for coupling hose which cannot
be joined because of a difference in coupling size,
threads, or the fact that both are male or female.

a, Adapter. True adapters permit joining cou-
plings with unlike threads. The rigid adapters
consist of a short tube with one type of thread on
the female end and the other type on the mae
end, The adjustable adapter (fig. 2-84), such as
the universal and automatic types, normally have
a male coupling thread which matches the depart-
ment’s standard thread on one side and teeth on
the other side. The teeth adjust over the male hose
coupling, either by spring action or manual lever
operation, engaging the male threads. A twist of
the hose coupling tightens the connection.
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~ THYDRAULIC TYPE

Figure 2-84. Adjustable adapters.

Figure 2-85. An eductor.

b. Reducers and Increasers. Reducers and in-
creasers are used to join different size hose cou-
plings. The reducer isarigid adapter with alarge
female thread on one end and a smaller size male
thread on the other. The increaser is a rigid
adapter with a small female and larger male
thread. Double female reducers equipped with a
swivel on the smaller end are used with sleeves.

2-13. Eductors

An eductor (fig. 2-35) is a device that introduces
liquid or powder into a water stream by a jet or
venturi effect. The waterway coming into the ed-
uctor reduces in size to form a nozzle which is
directed into a larger opening on the discharge
side. The action of this jet creates a siphon effect
which is used to pick up foam liquid, chemical
foam powder, or other chemicals to be added to
the stream. Specially designed siphoneductors are
also used to pick up water when a pump cannot or
should not be used to draft the water directly.

2-14. Tools

The following are the mgjor tools used to aid in
working with hose and appliances:

a Tools for Working with Hose and Appli-
ances. Tools which aid in working with hose and
appliances include spanner wrenches, hydrant
wrenches, and drafting sleeve mallets. Spanner
wrenches (fig. 2-14) are used to break couplings,
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Figure 2-86. Hydrant wrench and rubber mallet.

which, with the exception of drafting sleeves, are
made up handtight. Hydrant wrenches (fig. 2-36)
consist of long handled box wrenches. Some types
have an adjustable box to permit its use on hy-
drant operating nuts of different size. Some have
ears to permit use as a spanner. The hydrant
wrench is used to remove hydrant caps and to
operate the hydrant operating nut which controls
the flow of water from the hydrant. It is also used
to operate the valves on some models of four-way
switch valves. The adjustable pipe wrench is not
normally used to turn a hydrant operating nut
because it will damage the nut. It is used, how-
ever, if a hydrant with a damaged or missing nut
must be used at a fire, as the hydrant must be
repaired anyway. Drafting sleeve mallets (fig.
2-36) have a hard rubber or wooden head. They
are used to tap the couplings on drafting sleeves
to secure an air tight seal. Mallets must be used
with restraint to avoid damaging couplings.

b. Tools For Moving or Securing Hose Lines,
Tools which aid moving or securing hose lines
include hose straps and rope hose tools, the hose
holder (fig. 2-37), and the hose hoist or roller
(fig. 2-38). The hose holder is a device which
clamps around the hose line, or has the line
threaded through it, behind the nozzle. It enables
one man to control a hose line discharging a large
volume of water by directing the back thrust or
nozzle reaction against the ground. Thehose hoist
or roller isused as a bearing for hoisting hose or
toolsto aroof or upper floor.

e. Tools For Protecting or Repairing Hose and
Couplings. Tools to protect or provide emergency
repairs for hose and couplings include hose jack-
ets, hose ramps, and’ chafing blocks. The hose
jacket (fig. 2-39), not to be confused with the
fabric jacket of hose, is a metal device consisting
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Figure 2-87. Hose securing took.

of two half cylinders hinged on one edge, with a
latch on the other. While it does not permanently
repair faulty hose, it repairs leaks and tends to
prevent additional damage to hose from the effect
of water pressure on a hole or tear. The hose
jacket can also be used to join lengths of hose
with defective, mismated or different couplings,
by placing the couplings in the jacket.

d. Hose Clamps. Several kinds of hose clamps
are available. Those in general use are the lever
operated devices with latches, screw-down or gate
types, and hydraulically operated types (fig.



Figure 2-88. Hose hoist.

2-40). All work on the principle of using mechan-
ical force to compress the jacket of the hose to-
gether, and stop the flow of water in a line. To
operate the lever type, open the clamp, place the
hose line between the jaws, and either lift up or
press down on the lever. A ratchet type latch will
hold the jaws in the closed position. To release,
stand clear of the lever, hold it, down, or up, se-
curely, and release the latch. Release the lever
slowly. The lever may tend to kick out with some
force when the latch is released. The screwdown
or gate type is operated by placing the hose in the
jaws and operating as with a gate valve. Hy-
draulic hose clamps are operated by placing the
hose in the jaws, setting the selector to “close”
with the wrench end of the operating handle, in-
serting the handle in the pump lug, and pumping
the jaws closed. To release the clamp turn the
selector to “open”. Push the jaws to the full open
position,

2--15. ladders

Ladders are vital during an emergency, when
every second is a factor toward the success or
failure of an operation. Firefighters must know
the proper procedures for carrying, raising, and
climbing ladders so thoroughly that they can do
them almost by habit. Even after the procedures
are well established in the minds of the trainees,
constant practice is essential to maintain this de-
gree of efficiency. Continuous training should be
carried on to make these operations as nearly au-
tomatic as possible.
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Figure 2-89. Using a hose jacket.

a. The standard ladders used by the Army con-
sist of solid beams with cylindrical rungs set in
the center of the beam. The following terms are
commonly applied to ladders: bed ladder, the low-
est section of an extension ladder; fily ladder, the
top sections of an extension ladder; the butt, the
ground end of the ladder; the heel, the extreme
ground end of the ladder; the halyard, or fly rope,
used for raising the fly ; and the pawl, or dog, the
mechanism on the lower end of the fly which locks
it to the bed ladder. The heel portion of portable
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Figure 2—40. Hose clamps.

ladders should be equipped with cleats or nonskid
footers.

b. The mcst common ladder in the Army fire-
fighting system is the 35-foot (10.7-meter) exten-
sion ladder. An extension ladder consists of a bed
ladder and one or more fly ladders. The fly ladder,
dliding through guides on the upper end of the bed
ladder, contains locks which hook over the rungs
of the bed ladder. This secures it in position at the
desired length of the ladder. The fly is usually
raised by a halyard fastened to the lower rung
and operating over a pulley on the upper end of
the bed. The 24-foot (7.3-meter) extension ladder
is commonly found on pumpers.

¢. Straight ladders or wall ladders contain only
one section, and usually are from 12 to 16 feet
(3.66 to 4.88 meters) long. The most common size
straight ladder is the 14-foot (4.27-meter) length.
The roof ladder is a wall ladder adapted for a
special purpose. Roof ladders have hooks mounted
on a movable socket that permits the books to fold
inward when not in use. Placing the hooks over
roof peaks, sills, walls, or the coping of any open-
ing makes the ladder safe and reliable even if the
butt does not rest on a foundation. The roof lad-
der may be used as a wall ladder when the hooks
are set so they do not extend beyond the ladder
beams, The roof ladder is used when the pitch or
the material of the roof or bad weather endangers
the men moving over it. It is valuable in climbing
to the peaks of gabled roofs to remove roofing
materials or to cut holes for ventilation and extin-
guishment. It may also be used to enter scuttle
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holes or holes cut through flooring, and sidewalk
openings.

d. On installations where there are buildings
more than three stories high, special 50-foot
(15.25-meter) Bangor ladders may be necessary.
These ladders may be either strategically located
in the area where they are to be used, or sent to
the scene of the fire, mounted on special equip-
ment. These larger ladders require more team-
work than do the two-man ladders to place, raise,
and lower them quickly and efficiently.

2-16. The Handline

Rope is indispensable in combating fires. The
most widely used type of rope is the handline.
Handlines are used for hoisting tools to various
floors of a structure and for anchoring ladders,
charged hose lines, and other accessories to sta-
tionary objects. Handlines for hoisting and an-
choring should be either 53 or ah-inch (1.6 or
2-centimeter) rope of 100-foot (30.5-meter)
lengths, with an eye spliced in one end. For quick
use, a handline should be coiled in such a manner
that it pays out without tangling, even when
dropped from the top of a building.

a. Coiling a Handline. For coiling a handline, a
frame containing two vertical posts about 14
inches (36 centimeters) high and 25 inches (64
centimeters) apart is set up (fig. 2—41). The rope
is first wrapped several times horizontally around
the upright posts and then wrapped around the
horizontal wrappings to secure the rope around
the posts. When the opposite end is reached, the
horizontal pipe is pulled from the eoil. The free
end of the rope should be folded and slipped
through the end of the coil. The free end will then
be dlipped through the opposite end of the coil and
through the loop, thus pulling the loop tight.
Locps should be made large enough for the cail to
be loaded over the shoulder.

b. Knots and Hitches. Knots and hitches should
be capable of quickly and securely serving their
intended purpose and of being easily tied and un-
tied in darkness. The rope ends should be whipped
(tightly bound) to prevent fraying. Eyes may be
spliced in both ends of the rope to speed up tying
operations (fig. 2-42). Damaged rcpe should be
replaced rather than spliced.

c. Clove Hitch. The clove hitch (fig, 2-43)
should be used to tie a line to a handtool such as a
pike pole. The clove hitch holds the object securely
and will not slip when properly tied. It should be
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Figure 2—41. Coiling in handline.
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Figure 2-42. The eye splice.
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Figure 2-48. The clove hitch.

Figure 2-44. The half hitch.

tied near one end of the pole with a single half
hitch around the other end.

d. Half Hitch. The half hitch (fig. 2-44) is a
loop in a rope which is placed over or around an
object so that the standing end of the rope exerts
a constant strain on the loop. The running end
can be secured under the loop (fig. 2-44) (1)) or
may run on to another knot (fig. 2-44 (2) ). The
half hitch is used with other knots as a safety
hitch and to give added stability to objects being
hoi sted.

e. Chimney Hitch. The chimney hitch is used
when it is necessary to anchor a rope to a solid
object to strengthen the position of another
object, such as a charged hose or a ladder (fig.
2-45). The chimney hitch will not slip and is
quickly and easily untied. This knot is used when
the strain on the rope is to be constant. The rope
may be shortened or lengthened by slipping the
knot.
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Figure 2-45. The chimney hitch.

f. Tool Hoisting Hitch. Tools are usualy se-
cured by at least two knots (fig. 2-46) to hold
them in a relatively stable position. Long heavy
tools are generally hoisted with the heavy end up.
Tools with hooks or sharp ‘projections, such as an
ax, are hoisted in a position in which they will not
catch on projecting ledges.

g. Square Knot. The sguare knot (fig. 2-47) is
used to tie the ends of equal sized ropes together.
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Figure 2—46. Tool hoisting hitch.

Cross two lines

Bring ends together
and cross again

Figure 2-4?. The square knot.

h. Bowline. The bowline (fig. 2-48) is a knot
that will not slip and is easily and quickly untied.
It is used to form a loop on the end of a iine. The
bowline on a hight (fig. 2-49) is used mainly for
rescue purposes.

1. Becket Bend. The becket bend (fig. 2-50) is
used to connect ropes of unequal ‘diameter.
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Figure 2-50. The becket bend.
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Figure 2-48. The bowline.
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Section V. FIRE EXTINGUISHERS

2-17. Introduction

Portable fire extinguishers are normally used as
first aid firefighting devices for fighting small
fires. They often prevent catastrophes. These ex-
tinguishers are placed in buildings and other
places where there is a fire hazard. Firefighters
also carry them on fire apparatus because their
extinguishing agents are more effective and better
suited under some conditions and for certain ma-
terials such as combustible metals. These extin-
guishers are available in a number of shapes and
sizes and contain different agents for various
types of fires. The different extinguishers require
different individual procedures for inspection, op-
eration, and application. The following are the
type of extinguishers most commonly used :

a. Carbon dioxide (COs).
. Pump type water.
. Pressurized water.
. Soda-acid.
Foam.
Bromotrifluoromethane (CF3Br)
g. Dry chemical.

D O 0O o

2-18.Inspection

Fire extinguishers must be kept in good operating
condition and thus require periodic inspection.
When making an inspection of any type of fire
extinguisher, take the following action : Examine
the surroundings to check that the extinguisher is
accessible under actual fire conditions, and that it
is not subject to possible mechanical injury. Have
all obstructions removed which may hide the ex-
tinguisher from view or delay its use. If neces-
sary, change the type of extinguisher or add new
units. See that the extinguisher is located in the
right place to meet the existing fire regulations.
Check the hanging bracket or support for secu-
rity. Replace, tighten, or strengthen the hanging
bracket or support, if necessary, and see that the
extinguisher is easily removable.

2-19. Carbon Dioxide Extinguishers

Carbon dioxide CO,), the extinguishing agent
used in the CO, extinguisher illustrated in figure
2-51, is a gas about 114 times heavier than air. It
is nonpoisonous, and will not support combustion
or sustain life. CO, converts to a liquid when
under pressure in an individual extinguisher or
when refrigerated, as in the bulk storage tank.

228

a. In operating a CO, extinguisher, break the
wire seal and remove the safety pin. Hold the
extinguisher by the carrying handle in one hand
with the thumb or palm resting on the shutoff
valve lever. Direct the discharge horn with the
other hand, holding the horn by the rubber or
wooden handle. Squeeze the shutoff valve lever to
operate. Direct the discharge at the base of the
fire. On flammable liquids fires, sweep the dis-
charge across the burning surface, starting at the
front and working from side to side and front to
rear. CO, extinguisher discharge valves should be
opened fully and the entire contents should be dis-

Pulling the pin, and discharging the
carbon dioxide Extinguisher.

¢y,

= [y

Figure 2-51. CO, extinguisher.



charged when fighting flammable liquids fires to
give maximum protection against flashback.

b. The CO. smothers the fire by cutting off air.
The cooling effect is negligible in firefighting.

¢. The carbon dioxide extinguisher has an effec-
tive range of from 3 to 8 feet (0.914 to 2.44 me-
ters). It must not be stored where temperatures
exceed 120° F. (29° C.) as the internal pressure
increases in the eylinder. Pressure increases from
about 960 psi (67.€ kilograms per square centime-
ter) at 80° F. (26.7° centigrade) to about 1450
psi (102 kilograms per square centimeter) at 100°
F. (38°C). The cylinder contains rupture disks
which will rupture at a pressure of between 2400
and 2600 psi (169 and 183 kilograms per square
centimeter). Hold the discharge horn only by the
insulating rubber or wooden handle. The tempera-
ture of the discharging gas is about —110° F.
(—79° C) and frostbite can occur from contact
with the horn. The horn also builds up a charge of
static electricity, particularly with extinguishers
having a high discharge rate. Static buildup can
be avoided by touching the extinguisher shell to
the ground during discharge. Carbon dioxide ex-
tinguishers with metal horns are not rated for
Class C fires. When operating on a Class C fire be
careful to keep the extinguisher shell away from
energized electrcal equipment.

d. The CO, extinguisher should be recharged
after each use. The refill (CO,) is compressed
into the cylinder, usually by a commercial sup-
plier, up to the prescribed full weight.

e. In the monthly inspections, the following is
checked: the horn, the discharge hose, the exte-
rior of the shell for defects, and the seal to see if
it has been broken. In the annual inspection, the
cylinder is weighed in addition to the monthly
inspection procedure. If the weight has dropped
more than 10 percent of the difference between
the full and empty weight, the extinguisher must
be recharged. The full weight and empty weight
are stamped on the cylinder or shown on a label
attached to the cylinder. A hydrostatic test of the
cylinder must be performed every 5 years, 12
years if it has not been discharged.

2-20. Pump Type Water Extingvishers

Pump type water extinguishers (fig. 2-52) are the
most common type and are made in the 214-gallon
(9.46-liter), 4-gallon (15-liter), and 5-gallon (19-
liter) sizes. Almost all of these extinguishers are
operated by a hand pump built into the tank. All
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Figure 2-53. Pressurized water extinguisher.

pump type extinguishers are charged with water
only, except when they are installed in tempera-
tures requiring the addition of antifreeze com-
pounds. These extinguishers vary in size and
shape, but basically all of them operate in the
same way and contain a tank, a pump, a hose, and
a nozzle. A 5-gallon (19-liter) backpack extin-
guisher is available for brush or forest firefight-
ing,

2-21. Pressurized Water Extinguishers

Pressurized water extinguishers are one of the
new kinds of fire extinguishers. The pressurized
water extinguishers used by the Army are of the
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21/4-gallon (9.46-liter) size (fig. 2-53). The extin-
guisher consists of a tank, discharge valve, pickup
tube, hose and nozzle, and pressure gage. Nitro-
gen or air pressure of 100 psi (7 kilograms per
square centimeter) is used to discharge the water.

a. To operate the pressurized water extin-
guisher, pull the safety locking pin out, depress
the operating handle, and direct the stream at the
base of the fire, moving often enough so that as
much of the fuel as possible is covered with water.

b, To perform a monthly inspection, check the
wire and lead seal for damage, the air pressure
gage for deviation from the correct pressure read-
ing of 100 psi (7 kilograms per sguare centime-
ter), and the hose and nozzle for foreign objects.
The semiannual and annual inspections are simi-
lar in scope to the monthly inspection.

c. To recharge the pressurized water extin-
guisher, first remove the discharge valve and
attach the pickup tube. Then fill the tank with 214
galons (9.46 liters) of water, lubricate the gasket
in the neck of the discharge valve, replace the
discharge valve and pickup tube, and apply the
proper air pressure (100 psi, 7 kilograms per
square centimeter).

d. The extinguisher must be hydrostatically
tested every 5 years.

2-22. Soda-Acid Extinguishers

In the 21/-gallon (9.46-liter) soda-acid extin-
guisher (fig. 2-54), water is the extinguishing
agent, and a chemical combination generates
enough pressure to discharge the water. The tank
contains a solution of sodium bicarbonate and,
supported in the top of the reservoir, a glass bot-
tle containing 4 ounces (118 milliliters) of sul-
furic acid. When brought together, these two
chemicals produce carbon dioxide gas, which ex-
pels the water. A loose stopper in the mouth of
the acid bottle retards the absorption of moisture
by the acid. When the extinguisher is turned up-
side down, the loose stopper fals partidly clear of
the acid bottle and allows the contents of the bot-
tle to mix with the soda solution. The taper of the
stopper regulates the flow of ac’d and prevents
sudden nigh pressures. The rate of flow insures
chemical rec.tion of all the acid before the solu-
tion is discharged from the extinguisher. The
soda-acid extinguisher aso has a hose and nozzle
and a tnreaded cap which cotains the necessary
gasket.

a, To operate the 214-gallon (9.46-liter)soda-
acid extinguisher, grasp the nozzle and invert the
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Figure 2-54. Soda-acid extinguisher.

extinguisher. The chemical reaction and pressure
occur almost immediately after tilting, causing
discharge of the agent.

b. The monthly inspection of the soda-acid ex-
tinguisher includes checking the hose and nozzle
for obstruction, removing the cap to assure the
presence of the proper agent, and recording the
entry on the extinguisher tag. The annual inspec-
tion requires discharging, cleaning, and recharg-
ing the tank.

¢. To recharge the soda-acid extinguisher re-
move the cap, acid bottle, and bottle cage ; wash
al parts thoroughly; and check to see that al of
the liquid is removed from the acid bottle before
water or acid is added. Dissolve 1145 pounds (0.68
kilogram) of bicarbonate of soda in ‘7 quarts (6.5
liters) of lukewarm water. Pour the solution into
the extinguisher and add fresh water to the leve
of the special marker on the inner wall of the
extinguisher. The extinguisher when filled to the
top of the collar holds 3 gallons (11.4 liters), but
it must never be charged with more than
214 gallons (9.46 liters) of liquid. Pour 4 fluid
ounces (118 milliliters) of concentrated sulfuric
acid into the bottle. A plainly etched line in the
bottle shows the 4-ounce (118-milliliter) level. In-
sert the lead stopper in the acid bottle and place it
in the cage; then insert the cage and bottle in the
extinguisher. Be certain that the cage, bottle, and
stopper are those made for that particular extin-
guisher. Manufacturers are not necessarily stand-
ard in the shaping of their extinguishers, and
many of the parts are not interchangeable. Next
examine the gasket in the cap. Replace the gasket



with a new one if it is rigid or defective. Finally
screw the cap down hand-tight on the collar. See
TM 5-687 for further details.

d. The soda-acid extinguisher must be hydro-
statically tested every 5 years.

e. The soda-acid extinguisher has been taken
out of TB 5-4200-200-10, and therefore, thas been
discontinued as Army issue equipment. The pump
type water extinguisher is taking its place.

2-23. Foam Extinguishers

The 214-gallon (9.46-liter) foam extinguisher il-
lustrated in figure 2-55 is similar in size and ap-
pearance to the 214-gallon (9.46-liter) soda-acid
extinguisher, but it differs in internal construc-
tion, extinguishing agent, and charging proce-
dure.

cL. This type extinguisher consists of an inner
chamber and an outer chamber. The outer cham-
ber contains a solution of sodium bicarbonate,
and the inner chamber contains a solution of au-
minum sulfate, Ingredients added to the soda sol-
ution assist in forming and stabilizing the foam.
The extinguisher is operated by inverting it, al-
lowing the contents of the two chambers to mix.
This reaction produces bubbles containing carbon
dioxide gas, with the stabilizing ingredients
strengthening the bubble structure and producing
foam. This foam is expelled from the extinguisher
by the carbon dioxide gas pressure.

b. To operate the extinguisher, simply grasp the
hose, invert the extinguisher, and direct the foam
at the base or forward part of the flame. Allow
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Figure 2-55. Foam extinguisher.
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the foam to flow over the surface of the fire area
as a smothering blanket.

¢. The monthly inspection of the foam extin-
guisher includes carefully examining the nozzle
for stoppage, since the contents of the extin-
guisher frequently plug the nozzle; inspecting the
hose and tank for deterioration; and checking for
the proper amount of fluid by weight or internal
observation. On the semiannual inspection, per-
form the monthly services and also check the
inner chamber for corrosion by removing the cap.
Replace the inner or outer chamber, if required.
Check the inner chamber stopper for freedom of
movement and look for gasket breaks or deep
grooves worn by the filler collar. Replace the gas
ket in the cap, if necessary. Examine the filler
collar for dents and for the presence of foreign
matter. The annual inspection includes all of the
preceding services plus the discharging and re-
charging of all foam extinguishers. See TM 5-687
for further details.

d. To recharge the 21l4-gallon (9.46-liter) foam
extinguisher make sure that the two solutions are
in accordance with the instructions printed on the
chemical containers. Usually the chemicals are in
two containers marked “A” and “B”. The solu-
tions should be prepared in separate containers.
In the absence of such instructions, dissolve the
contents of package “A” in exactly 214 pints
(1.064 liters) of hot water and pour it into the
inner chamber. Dissolve the contents of package
“B” in exactly 13/ gallons (6.624 liters) of luke-
warm water and pour this selution into the outer
chamber. Do not use hot water with the contents
of package “B” because it deteriorates with heat.
Place the stopper in the inner chamber and as-
semble the extinguisher.

e. The foam extinguisher should be hydrostati-
cally tested every 5 years.

f. The foam extinguisher has been discontinued
as Army issue equipment. The ones in use will be
phased out in time.

2-24. Bromotrifluoromethane Extinguisher
(Vaporizing liquids)

The CF3Br extinguisher, figure 2-56, commonly
known as FREON 1301, contains a liquefied com-
pressed gas which offers unusual advantages as a
safe and efficient fire extinguishing agent particu-
larly against Class B (flammable liquid) and
Class C (electrical) fires. The liquid has a boiling
point of —72°F. (—56.8° C.), and a freezing
point of —270° F. (-167.78 C.).
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Figure 2-56. CF3Br extinguisher.

a. CF3Br is not toxic in its natural state. De-
composition occurs at fire temperatures and the
products of decomposition are toxic. These prod-
ucts are injurious if they exceed 10 percent of the
air volume. Normally, extinguishment can be
accomplished with less than 5 percent per volume
of air. It should be used with caution in confined
spaces. CF3Br decomposes partly when subjected
to heat and flame, which causes a decrease in its
toxicity limits. CF3Br is noncorrosive on metals
and alloys, and is considered a clean agent.

b. The only CF3Br extinguisher in the Army
inventory is of the 23/-pound (1.25-kilogram)
size, which has the same extinguishing ability as
the 5-pound (2.27-kilogram) CO, unit.

¢. Because of the low vapor pressure of CF3Br
at ambient temperatures, the extinguisher is pres-
surized to 400 psi (28 kilograms per square centi-
meter) with nitrogen. This pressure is sufficient
to permit use of the extinguisher at —65° F.
(—54°C.) without further modification.

d. The CF3Br extinguisher must be kept fully
charged at all times. Reweighing is the only
method of determining whether or not the extin-
guisher is fully charged. The extinguisher should
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be weighed semiannually on an accurate scale to
determine leakage. The cylinder assembly must be
replaced if it has lost more weight than is permit-
ted by the instructions on the extinguisher name-
plate. Recharging is necessary if the weight is
found to be 10 percent deficient. The date of re-
charging should be stenciled on the cylinder.

e. Where extinguishers of this type are used,
charged cylinder assemblies should be kept on
hand so the extinguisher may be promptly re-
charged after use.

f. These extinguishers should not be located
where the ambient temperature will exceed 150°
F. (65° C.).

2-25. Dry Chemical Extinguishers

Dry chemical portable fire extinguishers vary
from 214 pounds to 150 pounds (1.134 kilograms
to 68 kilograms). The dry chemical compound
used consists principaly of bicarbonate of soda or
potassium bicarbonate or ammonia phosphate
which has been treated to make it waterproof and
free flowing. The extinguishing action of this
agent is to smother the fire.

a. Dry chemical extinguishers are of two basic
types. One type is pressurized with 150 psi (10.5
kilograms per square centimeter) of dry nitrogen
or dry air, and the other has a cartridge with CO,
under pressure. When the cartridge of the second
type is punctured, CO, pressure expels the agent
(fig. 2-57).

b. To operate the pressurized dry chemical ex-
tinguisher, break the sealing wire, remove the
locking pin, depress the operating handle, and
direct the agent at or close to the base of the fire.
To operate the cartridge dry chemical extin-

Figure 2-57. Drychemical extinguisher.



guisher, break the sealing wire, remove the lock-
ing pin, depress the cartridge-puncturing handle,
and direct the agent at or close to the base of the
fire.

c. When performing a monthly inspection,
check the sealing wire and seal, the dry nitrogen
pressure gage for the correct pressure of 160 psi
(10.6 kilograms per square centimeter) (pressur-
ized type), and the hose and nozzle for foreign
objects. The semiannual and annual inspections
compare with the monthly inspections, with the
one exception that the cartridge of the nonpres-
surized extinguisher must be weighed during the
annual inspection. If the weight of the cartridge
contents (as stamped on the cylinder) is 10 per-
cent or more below the prescribed weight, thecar-
trdige should be replaced. See TM 5-687 for fur-
ther details.

d. The dry chemical extinguisher should be hy-
drostatically tested everys years.

2-26. Combustible Metal Agents

Two extinguishing agents are listed for use on
Class D (combustible metal) fires. They are avail-
able in drums or barrels and put on the fire with a
scoop or shovel. A cover of at least 14 inch (1.27
centimeters) of extinguishing agent is applied to
the burning agents. The two agents are

a. G- Powder. This is screened graphitized
foundry coke with various phosphates added. It
includes particles of various sizes to aid in pack-
ing. The material acts as a heat conductor to
lower temperature of the burning metal and
forms a coating to smother the fire by excluding
air. It aso produces a gas to aid in smothering. It
may be used on magnesium and magnesium alloy
fires.

b. Met-L-X Powder. This has a sodium chloride
base with additives to give water repellancy and
good flow characteristics. An additive fuses at
high temperatures to aid in forming an airtight
coating. This material forms a coating to exclude
air, which smothers the fire. It also conducts some
heat away from the burning metal. It may be used
on magnesium, sodium, potassium, and sodium-po-
tassium alloy (NaK) fires.

2-27. Dry Power Extinguishers for
Combustible Metal Fires

a. Dry powder extinguishers also use the Met-
L-X sodium chloride dry powder described in the
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preceding paragraph. It is dispensed with a 80-

pound (18.6-kilogram) capacity extinguisher (fig.

248). This amount of rated D agent is effective

on about 6 pounds (2.7 kilograms) of burning

metal, depending on the type and form of the

metal. Only cartridge-operated units are available.
The dry powder extinguisher iS operated by re-

moving the hose which is around the puncturing

mechanism, then depressing the plunger which

punctures the cartridge. The compressed gas in

the cartridge is released into the shell, thus pres-

surizing it. The gas pressure expels the dry pow-

der from the shell when a nozzle shutoff is opened.

This pressurizes the shell. The extinguisher is car-
ried by its handle with one hand and the nozzle

and shutoff valves are operated with the other

hand. The shutoff valve is squeezed to open it and
released to stop the flow of the agent. The normal
operation is to open the nozzle partialy to obtain

a soft flow of the agent. The burning meta is

covered with at least one 14 (1.27 centimeters) of

the Met-L-X sodium chloride. If glowng spots ap-
pear, they should be recoated. The application of

this agent forms a crust over the burning metal

which excludes the air and thus smothers the fire.
The effective range of the extinguisher is from 3

to 5 feet (0.9 to 1.5 meters).

b. The dry powder extinguisher should be re-
charged after each use. First, the gas pressure is
released by turning the extinguisher upside down
and opening the shutoff valve. This will not re-
lease the agent remaining in the extinguisher.
Next, the extinguisher is disassembled according
to the manufacturer’s instructions and cleaned

Figure 2-58. Exterior and cutaway views
of a dry powder extinguisher.

2-33



T™ 5-315

with a brush or compressed air. Then the shell is
filled with the proper amount of dry powder. In
reassembling, check the gasket, insert a new car-
tridge, seal the extinguisher, and tag it.

c. The monthly inspection includes checking the
nozzle, the hose, the shell for defects, and the seal
to assure that it has not been broken. The annual
inspection requires a thorough check of al compo-
nent parts and the weighing of the cartridge on
an accurate scale calibrated in fractions of an
ounce (or grams). The cartridge is replaced if it
has lost 14 ounce (14 grams) or more. A hydro-
static test must be performed on the extinguisher
shell and the hose every 5 years.

d. Do not confuse tthe dry powder extinguisher
with the dry chemical type extinguisher.

2-28. Winterization of Extinguishers

The protection of fire extinguishers krom freezing
is extremely important and should be thoroughly
understood by all fire protection personnel.

a. Carbon dioxide extinguishers which must be
operated in temperatures below 0° F. (17.8' C.)
must be winterized. This winterization is essential
because when the temperature falls below 0° F.
(17.8° C.), the pressure of the extinguisher also
falls below 285 pounds per square inch (20 kilo-
grams per square centimeter), which is the mini-
mum amount of pressure needed for proper oper-
ation. The winterization of CO, extinguishers re-
quires the addition of 200 pounds (90.7 kilo-
grams) of pressure per square inch (14 kilograms
per square centimeter), which is done by adding
dry nitrogen to the CO.. Local directives should
be consulted as to the amount of dry nitrogen to be
added. The addition of dry nitrogen requires a
decrease in the amount of CO, in the cylinder.
The dry nitrogen provides additional pressure for
expelling CO. at low temperature. Since the de-
crease of the CO, will not allow the addition of
dry nitrogen pressure to rupture the cylinder
gravity disk until the temperature reaches 160° F.
(71°C.), the injection of dry nitrogen allows the

extinguisher to operate in temperatures higher
than in those permitted by CO. gas, as well asin
temperatures lower than in those permitted by
CO. gas.

b. The prescribed chemica for lowering the
freezing point of water in water-type extinguish-
ers is calcium chloride. The quantity of calcium
chloride required to prevent freezing will vary
from 3 pounds per gallon (0.362 kilogram per
liter) of water to protect against a temperature of
2° F. (-16.9' C.), to a maximum of 5 pounds per
galon (0.6 kilogram per liter) of water to protect
against a temperature of —53° F. (—47°C.)
(TM 5-687). Local directives should be consulted
for specific amounts at each temperature level.
Before winterization, extinguishers which require
the use of calcium chloride solutions should have
the interior of the water tank painted with two
coats of asphaltum base paint to retard corrosive
action. Dry cacium chloride should not be placed
directly into the appliance to be winterized. The
chemical should be mixed with water in a sepa-
rate container to prevent caking at the bottom of
the tank. A 14 ounce of sodium bichromate added
to each gallon (1.87 grains per liter) of water will
act as arust inhibitor. Do not antifreeze pressur-
ized water extinguishers with calcium chloride.
Use specialy prepared solution.

c. Since soda-acid and foam extinguishers de-
pend on a chemical reaction to expel the extin-
guishing agent, winterizing chemicals are not
used. Therefore, soda-acid and foam extinguishers
are normally located only in heated structures.

d Pressurized dry chemical extinguishers do not
require winterization. Cartridge type dry chemi-
cal extinguishers are winterized by replacing the
CO, filled cartridge with one filled with dry nitro-
gen.

NOTE

See TB 5-4200-200-10 for hand portable
fire extinguishers approved for Army
users.
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CHAPTER 3

CHARACTERISTICS, CHEMISTRY, AND PHYSICS OF FIRE

3-1. Introduction

The number of fires caused by uncontrollable nat-
ural reactions is minimal in relation to those
caused by the carelessness of man and his apathy
in acquiring and using the information available
on the characteristics, chemistry, and physics of
fire. The knowledge of the principles of fire aso
helps the firefighter in extinguishing those fires
that he fails to prevent.

3-2. The Nature of Fire

Previously, the process of chemica oxidation and
combustion and that of halting combustion was
shown with the familiar fire triangle (fig. B-1).
This two-dimenional triangle aided in explaining
the combustion process. Thus, when all the sides
of the fire triangle were intact and in proper state
and proportion, burning took place. When any one
of the sides (factors) was removed, burning was
stopped. Before the introduction of the modern
knowledge on chemical fire extinguishment, there
were only three methods of extinguishing a fire,
alined closely with each leg of the fire triangle.
Cooling the fire removed the “heat leg”; excluding
the oxygen from the fire removed the “oxygen
leg”; and separating the fuel from the fire re-
moved the “fuel leg”. When chemical extinguish-
ing agents were introduced and successfully used
for fire extinguishment, additional information
was required to explain the action of the chemi-
cal. This new information added another dimen-
sion to the diagram. The new diagram is known
as the tetrahedron of fire (fig. 3-2). It has four
triangular surfaces that make up a solid pyrami-
da form which has depth. Each of the triangular
surfaces shows an element necessary to continue
combustion. It shows that combustion (fire) is a
continuous chemical reaction which changes con-
stantly because of external conditions. Chemical
extinguishment agents (potassium and sodium bi-
carbonate type dry chemicals or vaporizing liquid
agents) inhibit the chain reaction of a fire by
interfering with or cutting off the conditions nec-

' [h FIRE TRIANGLE

Figure 8-1. The fire triangle.

FUEL

* REDUCING AGENTH TEMPERATURE

UNINHIBITED CHAIN

REACTIONS OXIDIZING AGENT

(Courtesy Walter M. Haessler, The
Figure 3-2. The te‘rahedron of fire.

essary for combustion. Thus, all the three parts of
the fire triangle may be present, but the chain
reactions are prevented (inhibited) by a chemical
extinguishment agent (or agents) which puts out
the flame.

3-3. Basic Definitions and Properties of Fire

a. lgnition Temperature. The ignition tempera-
ture of a substance (solid, liquid, or gaseous) is
the minimum temperature to which the substance
exposed to air must be heated in order to initiate
or cause self-sustained combustion. Ignition tem-
peratures of the same substance vary according to
the percentage composition of the vapor or gas-
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air mixture, shape, and size, of space where the
ignition occurs, rate and duration of heat, kind
and temperature of the ignition source, oxygen
concentration, and other effects of materials that
may be present. Therefore, given ignition temper-
atures should be looked upon as approximations.

b. Vapors. Vapors in the process of combustion
are the gaseous substance given off by the mate-
rial that is burning. In burning wood, heat causes
the resinous substance in the wood to vaporize.
The vapors combine with the oxygen of the air,
and the flame from the kindling ignites the com-
bustible vapor-oxygen gas. The heat from the fire
heats the wood, which in turn liberates more va-
pors and thus sustains the fire until the wood is
consumed.

¢. Vapor Density. Vapor density is the term
used to explain the weight of vapors. When speak-
ing of the weight of these vapors, they are usually
compared to air, which has a vapor density of 1.
Therefore, if a substance has a vapor density of
15, it is 114 times as heavy as air. If it has a
vapor density of .5, it weighs only 14 as much as
air. Figure 3-3 shows how the density of gasoline
vapors can be demonstrated with a small trough,
a candle, and a gasoline-soaked rag. A lighted
candle (the ignition source) is placed at the lower
end of the trough, and the gasoline-soaked rag
placed at the upper end. Gasoline vapors are heav-
ier than air and will flow down through the
trough to the lighted candle, where they will ig-
nite, and flash back to the rag at the top of the
trough, This illustration shows the need for the
“No smoking within 100 feet” signs displayed
around gasoline storage aress.

d. Flammable or Explosive Limits. In the case
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Figure 8-8 Vapor density.
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of gases or vapors which form flammable mix-
tures with air (or oxygen), there is a minimum
concentration of vapor in air below which flame
does not occur when the vapor-air mixture comes
in contact with a source of ignition; thus, it is too
“lean” to ignite. Most flammable vapors and gases
aso have a maximum proportion of vapor or gas
in air above which flame does not occur (too
“rich” to ignite). A few materials, like ethylene
oxide, decompose and burn with no oxygen pres-
ent.

e. Flammable (Explosive) Range. The range of
combustible vapor or gas-air mixtures between
the upper and lower flammable limits is known as
the “flammable range” (or “explosive range”).
For example, the lower limit of flammability of
acrylonitrile at ordinary ambient temperatures is
approximately 3 percent vapor in air by volume.
The upper limit of flammability is about 17 per-
cent. Thus, all concentrations of acrylonitrile
vapor in air falling between 3 and 1'7 percent are
in the flammable or explosive range.

f. Flash Point and Fire Point. The flash point of
a liquid is the lowest temperature of the liquid at
which it gives off vapor sufficient to cause a
flammable mixture with the air near the surface
of the liquid or within the vessel used. Some sol-
ids, such as camphor and naphthalene, change
from solid to a vapor at ordinary room tempera-
ture and therefore have flash points while still in
the solid state. The fire point (the lowest tempera
ture at which a substance continues to burn in
air) is usualy a few degrees above the flash point.

34. Principles of Fire

a. Ignition and Combustion. Fire or combustion
may be described as rapid oxidation with the
action (evolution) of heat and light. Oxidation of
a material takes place continuously as long as it is
exposed to an oxidizing agent, which may be air.
At ambient temperatures, oxidation is usualy so
sow that the process is not noticeable to human
senses. Examples of such slow oxidation are the
rusting of iron and the yellowing of paper. As
temperatures rise above the ambient, the rate of
oxidation becomes more rapid and generates heat.
When the ignition temperature is reached, flame
appears, thus ignition has taken place. Combus-
tion is the continuous burning that follows after
ignition.

b. Fire. Actual burning (fire) is a much more
complicated chemical reaction than is commonly
explained by the “fire triangle” (fig. 3-1) or the



more recent “tetrahedron of fire” fig. (3-2). As
the temperatures rise above the ambient, pyro-
lysis takes place. Pyrolysis is the chemical decom-
position of matter through the action of heat. It
proceeds through the following stages:

(1) Decomposition of combustible material
slowly gives off gases, including water vapor. The
combustible gases are not ignitible during the
early stages of pyrolysis.

(2) Gas evolution continues with some of the
gas becoming ignitible. As the temperature in-
creases the gasevolution-also increases.

(3) At the ignition temperature the evolved
gases are too rich, at first, in carbon dioxide and
water vapor to sustain flame very long. However,
the heat of the flame starts a secondary pryolysis
reaction process and flaming combustion occurs
entirely in the gaseous distillate vapor phase. Gas
evolution may be so fast that it blankets the fuel
surface and excludes air. This prevents the char
from burning, retards the penetration of heat,
and delays the ignition temperatures in penetrat-
ing deeper into the combustible material. As tem-
peratures increase, the char begins to glow, air
flows in to support combustion, and the fuel itself
burns as well as its decomposition gases. If the
released heat is concentrated and sufficient to sus-
tain oxidation, and more heat is generated than
lost through conduction, convection, or radiation,
a positive heat balance exists. If, however, most
or al of the heat generated is lost, there is a
negative heat balance and the fire goes out as a
match flame in a wind. At the same time, a condi-
tion known as feedback may exist. Feedback is
generated heat that prepares adjacent combusti-
ble material for burning by raising it to ignition
temperatures. If the feedback is not adequate, the
fire goes out. In addition to heat generation dur-
ing pyrolysis, the concentration of the oxidizing
agent is another factor that determines whether
or not ignition and combustion can occur. There
appears to be a minimal oxidizing agent concen-
tration for almost all materials below which com-
bustion will not take place. Exceptions to the lat-
ter are some combustible solids, such as cellulose
nitrate, that contain oxygen in the constituent
molecules. This oxygen can be released by heat
even if there is no air supply. Thus, pyrolysis
reaction may take place without the presence of
ar. An example is charcoal in coking ovens which
continues to oxidize and produce heat with a mini-
mal amount of air.

¢. Summary of the Principles of Fire. The prin-
ciples of fire may be summarized as follows:
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(1) There must be an oxidizing agent, com-
bustible material, and a source of ignition for
combustion to take place.

(2) Combustible material must be heated to
itsignition temperature before it will burn.

(3) Combustion will continue until-
(&) The combustible materia is removed
or consumed.
(b) The oxidation agent concentration is
lowered below that essential.
(c) The combustible material is cooled
below its ignition temperature.

3-5. Heat Energy Sources

Since fire prevention and extinguishment are de-
pendent on the control of heat energy, it is essen-
tial that firefighters know the common ways in
which heat can be produced. The following dis-
cusses briefly the heat energy sources.

a. Chemical Heat Energy. This source of heat is
the result of oxidation, and is of primary concern
to fire protection engineers. The following are the
different ways heat is produced thorugh the chem-
ical process:

(1) Combustion. Heat of combustion is the
guantity of heat released during the oxidation of
a substance (fuel). This is the heat normally uti-
lized by industry and for domestic use, and is
measured in terms of British thermal units
(BTU). The heat intensity of oxidation (complete
or partial) of aimost al compounds of carbon,
hydrogen, and oxygen depends on the oxygencon-
sumed. Thus, the heat produced by combustion is
limited by the air supply.

(2) Spontaneous heat. Practically all organic
substances which are capable of combining with
oxygen will oxidize at some critical temperature
with evolution of heat if exposed to the atmos-
phere. The rate of oxidation at normal tempera-
tures is usually slow and the heat which is re-
leased is transferred to its surroundings. This
keeps the temperature down and prevents igni-
tion. Thisis not true of al combustible materials.
The oxidation of some material generates heat
more rapidly than it can dissipate, which results
in spontaneous combustion. Enough air must be
available to permit oxidation, yet not so much
that the heat is carried away by convection as
rapidly asit is formed. Oily rags might heat spon-
taneously in a wastebasket, but would not do so if
these rags were hung on a line where air move-
ment is sufficient to remove the heat. Again, a
tightly packed bale of rags is not as likely to
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cause spontaneous combustion as a loose bale. Be-
cause of the many possible combinations of air
supply and insulation, no positive prediction can
be made as to when material will heat sponta-
neously. Fire safety engineers should not only be
aware of the possibility of spontaneous combus-
tion and fires caused by oily rags, paper, coa
piles, and foam rubber, but also be aware that
oxidation of agricultural products can produce
fires by spontaneous combustion. Grains in large
piles or bins and piles of grass (hay) will oxidize
to a point of ignition when saturated with a cer-
tain amount of moisture. Fires from this source
may not be as prevalent on farms as in urban
areas where the agricultural products are stored.

(3) Decomposition. Heat of decomposition is
the heat released by the decomposition of com-
pounds such as cellulose nitrate and many com-
mercial and military explosives.

(4) Solution. Heat of solution is the heat pro-
duced when a substance is dissolved in a liquid.
Most materials release heat when dissolved.
Chemicals, such as concentrated sulfuric acid,
produce enough heat when dissolved to be danger-
ous. The chemicals that react in water and release
heat are not combustible, but liberate sufficient
heat to ignite combustible material nearby.

b. Electrical Heat Energy. Electrical heat en-
ergy produces heat when an electric current flows
through a conductor or when a spark jumps an
airgap.

(1) Resistance. An electric wire or other con-
ductor of electricity offers resistance and thus
produces heat. The heat from these causes the
oxidation and ignition of nearby combustibles and
fire results. Fires of this type are quite common
in al areas using electricity as a source of heat
and energy.

(2) Induction. When an alternating current
is passed through a wire and induces a current in
another wire parallel to it, a form of heat called
induction heating is produced if the current-car-
rying capacity of the second wire is inadequate.
Inducted heat is produced by the resistance to the
flow of electricity and by molecular friction. An
example of the latter is the heat produced in a
microwave OVeN.

(3) Dielectric. Dielectric heating is that pro-
duced when the insulating materials are imperfect
and, therefore, allow a leakage of current. This
heats the insulating material which may eventu-
ally ignite the nearby combustible material.

(4) Arcing. Heat from arcing occurs when
an electric circuit which carries a current is in-
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terrupted and the current leaps the gap. The tem-
peratures of arcs are very high and may ignite
combustible and flammable material in the area.

(5) Static. Static electricity (friction elec-
tricity) is an electrical charge that accumulates
on the surfaces of two materials that have been
brought together and then separated. One surface
becomes charged positively and the other nega-
tively. If the two objects are not bonded or
grounded, they may accumulate sufficient electric-
ity to discharge a spark. ‘ The spark produces little
heat, but it will ignite flammable vapors, gas, and
clouds of combustible dust.

(6) Lightning. Lightning is the discharge of
electrical charge on one cloud to an opposite
charge on another cloud or on the ground. Light-
ning develops very high temperatures in any ma-
terial of high resistance which may be in its path.

¢. Mechanical Heat Energy. Mechanical heat en-
ergy, especialy friction heat, is responsible for a
significant number of fires annually. A few are
caused by heat energy released by compression.

(1) Friction heat. Friction heat is the result
of resistance to motion when two solids are
rubbed together. The intensity of heat depends
upon the amount of mechanical energy trans-
formed to heat and on the rate at which the heat
is generated.

(2) Heat of compression. This is the heat
released when a gas is compressed. A useful pur-
pose of ignition by compression is the diesel en-
gine which needs no spark plugs for ignition. A
fire may be caused by directing a jet of com-
pressed air into a pipe. The air is converted to
heat which ignites an oil film on the inside surface
of the pipe fittings.

d. Nuclear Heat Energy. Nuclear heat energy is
released from the nucleus of the atom. The nu-
cleus is held together by a great force which can
be released by bombardment of the nucleus with
particles of energy. The bombardment (fission
and fusion) releases the energy in the form of
tremendous heat and pressure, and also nuclear
radiations. In nuclear fission, energy is released
by splitting the nucleus. In nuclear fusion, energy
is released by the fusion of two nuclei. Nuclear
weapons firefighting procedures are discussed in
chapter 6.

3-6. Classes of Fire

Fires are divided into four main classes; class A,
class B, class C, and class D fires. These classes



are based on the combustion characteristics of the
ignited material. In most cases, installation fires
are combinations of at least two and sometimes all
of these classes.

a. Class A Fires. Class A fires are fires in ordi-
nary combustible materials such as bedding, mat-
tresses, dunnage, books, cloth, canvas, wood, and
paper. Class A fires must be dealt with by cooling
the fire below its ignition temperature. All class A
fires leave embers which are likely to rekindle if
air comes in contact with them. Therefore, a class
A fire must not be considered extinguished until
the entire mass has been cooled thoroughly.
Smothering is not effective for class A fires be-
cause it does not lower the temperature of the
burning embers below the surface of the fire.

b.Class B Fires. Class B fires are those which
occur in flammable substances such as gasoline,
jet fuels, kerosene, oils, paint, turpentine, grease,
tar, and other combustible substances which do
not leave embers or ashes. Class B fires can be
extingusihed by providing a barrier between the
burning substance and the air or oxygen neces-
sary for its combustion. Chemical foam and me-
chanical foam produce such barriers, and are
known as “permanent” smothering agents.
Carbon dioxide is adso a smothering agent, but its
effect is only temporary and the application must
be renewed if there is any danger of reignition.

¢. Class C Fires. Class C fires are fires in live

™ 5-315

electrical materials. They present an extra hazard
to the firefighter, because of the danger of electri-
cal shock. A nonconducting extinguishing agent is
essential for fighting class C fires. An additional
consideration in fighting class C fires is the fact
that it may be quite important to avoid damaging
the electrical equipment in the process of extin-
guishing the fire. Electrical instruments and con-
tacts will be contaminated by any extinguishing
agents except gases, The first step in extinguish-
ing a class C fire is to secure the source of power
to the circuit or equipment on fire. The preferred
agent in fighting class C fires is carbon dioxide or
monobromotrifluoromethane, since they give pro-
tection against electrical shock and are not likely
to injure the equipment. Water fog, although not
preferred, may be used; under ordinary condi-
tions it does not transmit electricity to the fire-
fighter (as would a solid stream of water), but it
may damage the energized electrical equipment.

d. Class D Fires. Class D fires are those in
combustible metals, such as titanium, zirconium,
sodium, potassium, etc. The greatest hazard exists
when these metals are in the molten state or in
finely divided forms of dust, trimmings, or shav-
ings. Ordinary extinguishing agents are ineffec-
tive on these metal fires, and they are best con-
trolled by covering with special dry powdered or
granular materials which exclude oxygen and
which will not react or combine adversely with
metal.
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CHAPTER 4

TACTICS AND TECHNIQUES OF FIREFIGHTING

Section L. FIRE CONTROL

4-1. Introduction

Fire control is defined as “retarding or reducing
the rate of burning.” Extinguishment, on the
other hand, is the complete elimination of the fire.
Retarding or reducing the rate of burning would
seem to be just a step in the process of extin-
guishment. But it can be an immediate objective
in itself, for a successfully controlled fire makes it
possible to resuce personnel before completely ex-
tinguishing the fire. When a building is com-
pletely engulfed in flames, the heat makes rescue
impossible until it has been reduced by control. In
structural firefighting, control is very important
especially when rescue of personnel may be neces
sary or when there is a danger of the fire spread-
ing. Because water is the principal extinguishing
agent, the supply limitation is not usualy a prob-
lem. Instead, water pressure and the volume in
galons per minute are generaly the most impor-
tant factors in this phase of fire protection. An-
other method of control frequently used in struc-
tural firefighting is called covering exposures.
This means that when one structure is burning,
other structures, especially those downwind, are
protected to keep radiation and convection heat
from causing these buildings to start burning. To
prevent this kind of spreading, streams of water
are applied to these exposed buildings. In this
sense, then, control means the prevention of
spreading rather than the reduction of fire in a
particular area.

4-2. Fire Control Methods
Three methods are used in the control of fire:

a. Cooling or reducing the temperature below
the ignition point.

b. Smothering or reducing the oxygen content
within the fire area below the burnable limits. The
atmosphere must contain at least 15 percent oxy-
gen in order for a fire to burn.

¢. Removing fuel from the vicinity of the fire,
by valve or switch action, by the application of
heavy streams of water, by firebreaks in the case
of natural-cover fires, or by manua removal.

4-3. Extinguishment of the Different
Classes of Fire

a. Class A fires require primarily water or an
agent containing water so that the deep-seated
embers in wood, cloth, and other class A materials
may be reached by the cooling agent.

b. Class B fires may be extinguished with
carbon dioxide (CO,), monobromotrifiuo-
romethane (CF3Br), foam (mechanical and chem-
ical), dry chemical (bicarbonate of soda), po-
tassium bicarbonate (Purple K), and ammonium
phosphate), methyl bromide, mineral soil, water-
fog, aqueous film forming foam (AFFF) (trade
name “light water”) or any other system of cov-
ering that excludes oxygen. AFFF extinguishes
the fire and prevents flashback. Dry chemical ex-
tinguishes the fire immediately by conditioning
the atmosphere, but does not cool the combusti-
bles.

¢. Class C fires are extinguished by (in order of
preference) monobromotrifluoromethane, carbon
dioxide, and dry chemical. When selecting an ex-
tinguishing agent for class C fires, consideration
msut be given to the electrical conductivity of the
extinguishing agents. None of the substances
listed above is a conductor of electricity. It is ad-
visable to use monobromotrifluoromethane
(CF3Br) or carbon dixoide { CO.,) on class C fires
whenever possible. CF3Br and CO,) leave no resi-
due and will not damage electrical equipment.

NOTE

One more type of fire to be aware of is
the compressed gas fire. ‘Technically this
type of fire is rated as class B, and
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agents listed for class B fires are used to
extinguish it. The safest and best way of
controlling this fire is to remove thefuel
supply. This prevents the accumulation
of explosive vapors that would occur if
the fire were extinguished and the fuel

were allowed to continue to flow. Fires
involving pressurized flammable gases,
especially those heavier than air, such as
liquefied (petroleum gases, should not be
completely extinguished unless the flow
of gas can be immediately stopped.

Section Wl. FIRE DEPARTMENT HYDRAULICS

4-4. Introduction

Hydraulics is that branch of science which deas
with the mechanical properties of water or other
liquids and with the application of these proper-
ties in engineering. Firefighters, especially pump
operators, must understand and be able to apply
those principles of hydraulics which are essential
to firefighting. Inadequate training or lack of ex-
perience in firehydraulics can be extremely costly
in lives and materiel.

4-5. Properties of Water

Water, the most common liquid, is aso the most
effective, in its various forms, for firefighting. To
use it most effectively, however, one shouldknow
about its physical properties.

a. For all practical purposes, water is not com-
pressible. It requires 30,000 pounds (13,608 kilo-
grams) of pressure per square inch (6.45 square
centimeters) to reduce its volume 1 percent. If
water has a minera content (such as salt) or is
subjected to different temperatures, its character-
isticswill differ.

b. Water consists of two parts of hydrogen and
one part of oxygen-a fact represented by the
common chemical formula H,0. One cubic foot
(0.6283 cubic meter) of water weighs 62.6 pounds
(28.35 kilograms). There are 231 cubic inches
(3786.09 cubic centimeters) in 1 gallon (3.785 li-
ters) of water and 1,728 cubic inches (28,312
cubic centimeters) in 1 cubic foot (0.0283 cubic
meter) of water. One cubic foot (0.0283 cubic cen-
timeter) of water contains 7.481 gallons (28.3156
liters). One gallon (3.785 liters) of water weighs
8.35 pounds (3.7876 kilograms). Thse figures are
important and should be remembered.

4-6. Volume

It is often necessary to determine the volume of
cylindrical and rectangular containers in order to
know the weights and capacities of instaled or
reserve tanks and consequently how long theywill
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be of use. To compute volume, first find the area
of a surface. For a square or rectangle, this is
done by multiplying the length by the width
(A =1w). For a circle, the area is found by
multiplying the diameter squared by 0.7864 (i.e.,

A =Dz2x 0.7854) or by multiplying the radius
squared by 3.1416 (i.e.,, A =R2?x 3.1416, com-

monly written A = #R2, where the Greek letter

« (pi) means 3.1416). In hydraulics, the pre-

ferred formulais the first one: A = D2 x 0.7854.

When going on from problems dealing with the
areas of rectangles and circles to those involving
the volumes of cylindrical and rectangular tanks,
consider a third dimension, that of height, repre-
sented by the symbol k. The formula for the vol-
ume of a rectangular tank is V = lwh, meaning
that the volume is found by multiplying the length
by the width by the height. For example: How
many cubic feet are there in a tank 5 feet (1.526
meters) by 4 feet (1.22 meters) by 10 feet (3.06
meters) Substituting in theformula—

V lwh
5 X 4 X 10
200 cubic feet

NOTE

When computing volume, al dimensions
must be in the same unit of measure-
ment. For example, if the diameter of a
cylindrical container is given in inches
and the height is given in feet, the
height must be converted to inches.

The tank contains 200 cubic feet (5.67 cubic me-
ters), and it then becomes a simple problem to
find its contents in gallons (or liters). There are
7.481 galonsin 1 cubic foot (1000 litersin 1 cubic
meter), so 7.481 multiplied by 200 equals1,496.2
gallons (1000 multiplied by 5.67 equals 5670 li-
ters), the number of gallons in a 200-cubic-foot
tank. For problems involving volumes of cylindri-
cal ‘tanks, use the formulaV = D2 x 0.7864 X h.

For example: How many cubic feet-are contained
in atank 12 feet (3.66 ‘meters) high and 5 feet
(1.525 meters) in diameter?



D2x 0.7864 X h
5% 5 X 0.7864 X 12
235.62 cubic feet

To find the number of galons, multiply 235.62 by
7.481 to get approximately 1,763 gallons (6673
liters).

I

4-7. Weight

a. Firefighters must know how to find the
weight of a given quantity of water. For example,
vehicles with a capacity of 1,000 gallons (3785
liters) actually have 8350 pounds (3785 kilo-
grams) of extinguishing agent aboard (8.35 mul-
tiplied by 1,000), or more than 4 tons (3.628
metric tons) of water. Such knowledge would be
necessary in making a decision about detouring or
cressing a bridge of limited capacity.

b. It is aso necessary to be able to determine
the weight of a charged hose line, especially when
only a limited number of personnel are available
to move such a line. The futility of filling a 2154-
inch (6.35centimeter) hose with water before
trying to move it to the point of operation is re-
vealed after figuring the weight of water in a
50-foot (600 inches ; 1524 centimeters) section.
This is done by means of the formula—

Dzx 0.7854 X h
231

(Metric System :V =

V =

X 8.35

D2 0.7854 Xk
1000 X1)

in which h is the length of the hose in inches, D is
the diameter of the hose in inches, 231 is the
number of cubic inches in a gallon (1000 is the
number of cubic centimeters in 1 liter), and 8.35
is the weight in pounds of a galon (1 kilogram is
the weight of 1 liter).

The v = 6:25 ><2é1854>< 600 %
approximately 106 pounds (42.8 kilograms) plus
the weight of the hose, which is 65 pounds (29.5
kilograms) per section, a total of approximately
171 pounds (78 kilograms).

8.35equals

e. To pull four 50-foot (I& meter) sections of
21/-inch (6.35-centimeter) hose, totaling some-
thing over one-quarter of a ton of hose and water
combined, up a ladder, becomes a formidable task.
These calculations also show that 1,000 feet (305
meters) of 214-inch (6.35-centimeter) hose, which
is the length often carried on structural pumpers,
weighs almost 2 tons (1.8 metric tons) when
filled.
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4-0. Pressure

Water pressure is proportional to the depth of the
water, which, in hydraulics, is stated in pounds

(or kilograms) per square inch (6.45 square cen-
timeters) . A column of water 1 foot (0.305 meter)

high exerts a pressure of 0.434 pound (0.197 kilo-.
gram) per sguare inch (6.45 sguare centimeters).

Two columns of water, each 1 foot (.305 meter)

high, one on top of the other, would exert 0.868
pound (0.3937 kilogram) per square inch (6.45

square centimeters) of pressure at the base. In

other words, if a column of water 1 square inch in
base area and 1 foot high weighs 0.434 pound, the
effective pressure in pounds per square inch at

any point in a column of water is equal to 0.434
multiplied by the height of the column above that
point in terms of feet ; this is expressed as—

P =0.434H

in which H is the head in feet. Static pressure is
the pressure exerted by water at rest. The static
pressure may be determined readily, if the head is
known by the formula SP = 0.434H, Back pres-
sure or gravity pressure indicates the pressure in
pounds per square inch (psi) exerted by a head of
water against a pump lifting it to an elevated
point, The solution is found by the same method—

BP = 0.434H

4-9. Rate of Discharge

The rate of discharge is the quantity of water
coming from an opening during a given period of
time. It is calculated in gallons per minute (gpm).

a. When the rate of discharge is computed, two
items must be considered: the diameter of the
opening (nozzle) and the pressure of the flow.
The rate of discharge is found by multiplying the
diameter squared by the square root of the pres-
sure times the constant 29.7 ; this is expressed
as—

gpm discharge = 29.7 x D2 X \/P

For example, using this formula and table 4-1, if
the diameter is 2 inches (5.08 centimeter) and the
pressure is 36 psi, then :

Discharge = 29.7 X D? X \/P
= 29.7 X 2> X /36
= 297X 4X6
= 712.8 gpm (2697.7 liters per minute)

b. An open hose butt (no nozzle) or an average
hydrant outlet is only about 90 percent as efficient
as a nozzle tip in terms of water volume dis-
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Dz x 0.7854 X h
b X 5 x 0.7854 x 12
235.62 cubic feet

To find the number of gallons, multiply 235.62 by
7.481 to get approximately 1,763 gallons (6673
liters).

I

4-7. Weight

o. Firefighters must know how to find the
weight of a given quantity of water. For example,
vehicles with a capacity of 1,000 gallons (13785
liters) actually have 8350 pounds (3785 kilo-
grams) of extinguishing agent aboard (8.35 mul-
tiplied by 1,000), or more than 4 tons (3.628
metric tons) of water. Such knowledge would be
necessary in making a decision about detouring or
cressing a bridge of limited capacity.

b. It is also necessary to be able to determine
the weight of a charged hose line, especially when
only a limited number of personnel are available
to move such a line. The futility of filling a 214-
inch (6.35-centimeter) hose with water before
trying to move it to the point of operation is re-
vealed after figuring the weight of water in a
50-foot (600 inches; 1524 centimeters) section.
This is done by means of the formula—

Dz X 0.7854 X h
231

(Metric System: V =

V = X 835

D2 X 0.7854 X h
1000 X 1)

in which % is the length of the hose in inches, D is
the diameter of the hose in inches, 231 is the
number of cubic inches in a gallon (1000 is the
number of cubic centimeters in 1 liter), and 8.35
is the weight in pounds of a gallon (1 kilogram is
the weight of 1 liter).

_6.25 X 7854 X 600
The V = 537
approximately 106 pounds (42.8 kilograms) plus
the weight of the hose, which is 65 pounds (29.5
kilograms) per section, a total of approximately
171 pounds (78 kilograms).

X 8.35 equals

c. To pull four 50-foot (15-meter) sections of
214-inch (6.35-centimeter) hose, totaling some-
thing over one-quarter of a ton of hose and water
combined, up a ladder, becomes a formidable task.
These calculations also show that 1,000 feet (305
meters) of 21/4-inch (6.35-centimeter) hose, which
is the length often carried on structural pumpers,
weighs almost 2 tons (1.8 metric tons) when
filled.
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4-8. Pressure

Water pressure is proportional to the depth of the
water, which, in hydraulics, is stated in pounds
(or kilograms) per square inch (6.45 square cen-
timeters). A column of water 1 foot (0.305 meter)
high exerts a pressure of 0.434 pound (0.197 kilo-.
gram) per square inch (6.45 square centimeters),
Two columns of water, each 1 foot (.305 meter)
high, one on top of the other, would exert 0.868
pound (0.3937 kilogram) per square inch (6.45
square centimeters) of pressure at the base. In
other words, if a column of water 1 square inch in
base area and 1 foot high weighs 0.434 pound, the
effective pressure in pounds per square inch at
any point in a column of water is equal to 0.434
multiplied by the height of the column above that
point in terms of feet; this is expressed as—

P = 0.434H

in which H is the head in feet. Static pressure is
the pressure exerted by water at rest. The static
pressure may be determined readily, if the head is
known by the formula SP — 0.434H, Back pres-
sure or gravity pressure indicates the pressure in
pounds per square inch (psi) exerted by a head of
water against a pump lifting it to an elevated
point. The solution is found by the same method—

BP = 0.434H

4-9. Rate of Discharge

The rate of discharge is the quantity of water
coming from an opening during a given period of
time. It is calculated in gallons per minute (gpm).

a. When the rate of discharge is computed, two
items must be considered: the diameter of the
opening (nozzle) and the pressure of the flow.
The rate of discharge is found by multiplying the
diameter squared by the square root of the pres-
sure times the constant 29.7; this is expressed
ag—

gpm discharge — 29.7 X D2 X \/P

For example, using this formula and table 4-1, if
the diameter is 2 inches (5.08 centimeter) and the
pressure is 36 psi, then:

Discharge = 29.7 X D> X \/P
= 29.7 X 22 X \/36
=297TX4X6
= 712.8 gpm (2697.7 liters per minute)

b. An open hose butt (no nozzle) or an average
hydrant outlet is only about 90 percent as efficient
as a nozzle tip in terms of water volume dis-
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Table 4-1. Square Roots of Numbers 1 to 100

n V2 n Vv n a2 n Vo n VP
1 L. 21 4.582 41 6.403 61 7.810 81 9

2 1.414 22 4.690 42 6.480 62 7.874 82 9.056
3 1.732 23 4.795 43 6.567 63 7.937 83 9.110
4 2. 24 4.899 44 6.633 64 8. 84 9.165
5 2.236 25 5. 45 6.708 65 8.062 86 2.219
6 2.449 26 6.099 46 6.782 66 8.124 86 9.273
7 2.646 27 6.196 47 6.855 67 8.185 87 9.327
8 2.828 28 5.291 48 6.928 68 8.246 88 9.380
9 3. 29 5.385 49 l 69 8.306 89 9.434
10 3.162 30 5.477 50 7.071 70 8.366 90 9.486
11 3.316 31 5.667 51 7.141 71 8.426 91 9.639
12 3.464 32 5.656 52 7.211 72 8.485 92 9.691
13 3.605 33 5.744 53 7.280 73 8.544 93 9.643
14 3.741 34 5.831 64 7.348 74 8.602 94 9.696
15 3.873 35 5.916 55 7.416 75 8.660 95 9.746
16 4 36 6 66 7.483 76 8.717 96 9.798
17 4.123 37 6.082 57 7.549 i 8.775 97 9.848
18 4.242 38 6.164 58 7.615 78 8.831 98 9.899
19 4.368 39 6.245 59 7.681 79 8.888 99 9.949
20 4.472 40 6.324 60 7.746 80 8.944 100 10

charge. So, for calculating open-butt or hydrant
discharges in galons per minute, the formula just
applied to nozzle discharge must be multiplied by
0.9. This gives:

Discharge = \/29.7 X 02/P X 0.9

Applying this to a hydrant in the above example
gives ‘713 gpm X .9, or 64.52 gpm (1428.16 liters
per minute). For all practical purposes, 712.8 and
641.52 would be rounded off to 713 (2698 liters)
and 642 (1423 liters).

4-10. Drafting

When fire hydrants are not available to supply
water for firefighting purposes, it may be possible
to obtain water by drafting from a static or semi-
static source, such as a pond, lake, or river.

a. This is done by dropping one end of a hard
suction hose into the body of water and connect-
ing the other end to the intake side of the pump.
The pump is started and a partial vacuum is cre-
ated within the hard suction hose by a primer,
When positive displacement pumps are used, no
primer is needed. Atmospheric pressure exerted
on the body of water forces the water up through
the hard suction hose into the pump. The pump
discharges the water, under pressure, through the
discharge outlet.

b. Atmospheric pressure at sea level is 14.7
pounds (8.RR8 kilograms) per square inch (6.45
square centimeters). Water creates a gravity or
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head pressure of 0.434 pound (0.1969 kilogram)
per square inch (6.45 sqguare centimeters). One
pound per square inch has a head of 1 — 0.434 or
2.304 feet (0.703 meter). Therefore, atmospheric
pressure of 14.7 psi can raise water to a height of
14.7 x 2.304 or 33.9 feet (10.34 meters) at sea

‘level. However, it must be understood that this

figure is theoretical and can be true only where a
perfect vacuum can be created. Fire pumps, re-
gardless of condition, cannot create a perfect
vacuum. A fire pump in good condition should be
able to raise water about 75 percent of the theo-
retical height, or about 25 feet (7.6 meters) at sea
level. Atmospheric pressure decreases as altitude
increases at the rate of about 0.5 psi per 1,000
feet (305 meters). At 5,000 feet (1525 meters)
altitude, the atmospheric pressure is about 12.2
psi; therefore, water can be raised about 21 feet
(6.04 meters) at this adtitude.

¢. When pumping from draft, be careful to as
sure that all gaskets are in good condition and
seated properly in place. All connections must be
tight. An adequate screen should be connected to
the hard suction hose to prevent debris in the
water from being pulled into the pump.

4-11. Application of Water
Water is the most practical extinguishing agent
for ordinary structural fires.

a. It absorbs heat rapidly and with greater
capacity than most other agents used for fire ex-



tinguishment. A great amount of heat is required
to raise cold water to the boiling point; much
more heat is required to change the water to
steam. However, only a small fraction of the theo-
retical maximum cooling effect is used if the
water is applied in a solid stream.

b. To be effective, water must reach the base of
afire. A stream or spray directed into the smoke
does little more than cool the atmosphere, unless
it eventually falls upon the burning material. For
large Class A fires, asubstantial stream is neces-
sary to penetrate the smoke, flame, and fuel. The
most efficient fire stream is one which is forceful
and large enough to do the job efficiently without
excessive water damage. Solid fire streams project
water over a considerable area and extinguish
otherwise inaccessible fires. The production of
this fire stream is the primary concern of the
senior man, but is also the responsibility of other
crewmen from the nozzle-men to the pump opera-
tor.

c. Some fires, even structural ones, can be extin-
guished more efficiently with a spray or fog
stream, which requires greater pressure to be
effective. Fog streams do not have the range of a
straight ‘stream, but the heat absorption is
greater. Water damage is usually less when fog is
used because much of the liquid is dissipated as
steam. In a hot, smoky, interior fire, firefighters
are usually more efficient and comfortable with a
fog stream in front of them.

d. An efficient firefighter must be able to deter-
mine the extinguishment requirements of a fire
and know the means available for meeting those
requirements.

e. Extinguishment isusually simpleif thefireis
reached in the early stage, when it can be extin-
guished with a booster line or portable extin-
guisher.

f. If afireis not discovered in the early stage of
burning, extinguishment is usually difficult be-
cause the fire stream must not only produce the
amount of water required for extinguishment but
must also carry through space to the point of use.
Volume can often be supplied with small streams,
but even these streams must have shape and ve-
locity to carry them efficiently to the base of the
fire.

g. If afireis not discovered or controlled until
the entire building is burning, it can be extin-
guished only by the use of large quantities of
water. Even then, the fire stream must be con-
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trolled so as to supply the greatest amount of
water from a safe distance and yet reach the fire
at the point of burning. This stage of the fire
required heavy master streams.

k. The fast-burning temporary frame struc-
tures, which have large areas unbroken by parti-
tions, found on many military installations allow
fire to spread rapidly. The use of 114-inch (3.81
centimeters) hose streams on most installations
depends upon sound judgment resulting from the
experience of the senior firefighter. The 114-inch
(3.81-centimeter) hoses should not be used from
pumpers unless ample 214-inch (6.35-centimeter)
hose is available for support. If in doubt that a
114-inch (8.81-centimeter) line is capable of ex-
tinguishment, use a 2l4-inch (6.35-centimeter)
line. Large streams from monitor nozzles and del
uge sets may be used when equipment and ade-
guate water supply are available and when the
magnitude of the fire demands it.

4-12. Friction loss

Friction is the resistance to motion between two
surfaces in contact.

a. The term “friction loss’ in fire department
hydraulics means the loss of energy or pressure
caused by friction. The friction conditions with
which fire protection personnel are most con-
cerned consist of water rubbing against the inside
lining of the hose. This causes a turbulence of the
water, which in turn sets up another friction, that
of water rubbing against water.

b. The rubber linings of the hose appear per-
fectly smooth to the naked eye. But microscopic
observation of hose linings shows a series of ir-
regularities which increase in size as water pres-
sure is exerted on the interior of the hose. These
irregularities impede the speed of the water as it
travels through the hose under pressure, causing
friction loss, which, in turn, decreases the amount
of flow pressure at the nozzle. The friction lossis
always less than the amount of pressure available
at the source, whether apumper or a hydrant,

¢. When dealing with friction loss in hydraulics,
the law of pressure may be expressed as follows
-the water pressure at the source minus the
pressure lost on the way equals the pressure at
the nozzle. The pressure acquired in the beginning
is the engine pressure. The pressure lost on the
way isthe friction loss. The pressure which is | eft
isthe nozzle pressure. The conclusion is that en-
gine pressure minus friction loss equals nozzle
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pressure (NP = EP — FL), or, to put it another
way, nozzle pressure plus friction loss equals en-
gine pressure (EP = NP + FL). These formulas
are strictly rule of thumb; they are not the techni-
ca formulas.

4-13. ldeal Requirements

Now the nozzle pressure necessary to make a good
fire-extinguishing stream can be determined.

a. A good stream for structural firefighting is
one which has enough pressure to reach the fire in
a solid mass. This means that it must have ample
range and must not break into large fog particles
or water drops before reaching its desired range.
This ideal structural fire-extinguishing stream
must be capable of discharging9/10 of its volume
in al5-inch (3%centimeter) circle at a distance of
50 to 100 feet (16 to 80.5 meters), depending
upon the size and extent of the fire. Experiments
have revealed that 40 to 60 pounds (18 to 27 kilo-
grams) of nozzle pressure will do this. The mean
or average nozzle pressure would then be 50
pounds per square inch (22.7 kilograms per 6.46
sguare centimeters); this is the accepted pressure.

b. Since the desired nozzle pressure is known,
the amount of friction loss in any given hose lay-
out must be computed and added to the 50 pounds
of nozzle pressure; the sum of these two figures
would be equal to the desired engine pressure.
Friction loss varies in proportion to the square of
the degree of increase in the flow of water. Thus,
when the flow of water through a hose is doubled,
the friction loss increases four times. For exam-
ple, if 200 galons (757 liters) of water per mi-
nute are flowing through a hose with a friction
loss of 20 pounds (9 kilograms), an increase to
400 gallons (1514 liters) per minute would bring
the friction loss to80 pounds (36 kilograms).

4-14. Factors Affecting Friction loss

Friction loss aso varies directly with the length
of theline.

a. This means that the total friction loss will
vary with each hose layout. For example, if there
are 10 pounds (4.5 kilograms) of friction loss in
100 feet (30.6 meters) of 214-inch (6.35 centime-
ter) hose using a I-inch (2.54-centimeter) nozzle,
then there would be 20 pounds (9 kilograms) of
friction loss in 200 feet (61 meters) of the same
hose using the same nozzle.

b. Friction loss increases very rapidly with de-
crease in the size of the hose. If the diameter of
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the hose is doubled, the friction lossisonly 1/82 as

much as that in the smaller line. If the diameter is

halved, the loss is 32 times greater than the larger
line. Thus, friction loss in 114-inch (3.8-centime-

ter) hose is 1814 times as great as in 214-inch
(6.85-centimeter) hose, other conditions remain-
ing the same.

4-15. Siamesing

When two hoses run parallel into a single hose to
which one nozzle is attached, they are said to be
siamesed.

a. This frequently done to prevent excessive
loss and thereby increase nozzle pressure. Fric-
tion loss in two 214-inch (6.35-centimeter) sia-
mesed lines of the same length is only 28 percent
as great asin asingle line of 214-inch (6.35-centi-
meter) ; 26 percent may be used for rapid calcula
tion.

b. For example, if there are 10 pounds (4.6 kilo-
grams) of friction loss in 100 feet (30.5 meters)
of 214-inch (6.35-centimeter) hose, there would be
1314 times 10 (4.5 kilograms) or 135 pounds (61
kilograms) loss in the same length of 114-inch
(8.81-centimeter) hose, other conditions remain-
ing the same. In two lengths of 214-inch (6.85-
centimeter) hose siamesed in paralel lines, there
would be 14 of 10 (4.5 kilograms), or 214 pounds
(1.134 kilograms) loss in discharging the same
amount of water. This shows the value of a sia-
mese connection, especialy in the use of heavy
streams where a large quantity of water is needed
with greater pressure.

4-16. Effect of Nozzle Size and Pressure

a. For all ordinary structural fires that have not
advanced to the point of becoming an exterior
conflagration, a I-inch (2.54-centimeter) nozzle
tip is used to keep water damage at a minimum
while still having ample volume and pressure to
extinguish the fire quickly and efficiently. A 114-
inch (3.2- centimeter) tip will discharge 114 times
as much water as a l-inch (2.54-centimeter) tip,
and a 2-inch (&centimeter) tip will discharge 4
times as much water as a l-inch (2.54-centimeter)
tip at the same nzozle pressure. The larger tips
are used for large, advanced fires which require
greater range and volume.

b. A |I-inch (2.54-centimeter) tip with 50
pounds (22.7 kilograms) of nozzle pressure will
discharge dightly more than 200 gallons (767
liters) per minute with about 10 pounds (4.6 kilo-



grams) of friction loss for every 100 feet (30.5
kilometers) of 2l4-inch (6.35-centimeter) hose. So
there will be a lo-pound (4.5 kilograms) pressure
loss for each 100 feet (30.5 meters) of hose in use.
Adding this friction loss to the desired nozzle
pressure gives the engine pressure necessary to
supply the nozzle pressure.

c. For example, in al,O00-foot (305-meter) |ay-
out of 214-inch (6.35-centimeter) hose, using a
[-inch (2.54-centimeter) nozzle and desiring 50
pounds (22.7 kilograms) of nozzle pressure, the
needed engine pressure is easily determined. Since
there are ten 100-foot (30.5-meter) sections in
1,000 feet (305 meters), with 10 pounds (4.5 kilo-
grams) of pressure loss per 100 feet (30.5 me-
ters) of hose, multiply the 10 sections by 10
pounds (4.5 kilograms) to get the pounds of fric-
tion (100) and add to itthe 50 pounds (22.7 kilo-
grams) of nozzle pressure required. This equals
150 pounds (68 kilograms) of engine pressure.

d. If the nozzle size is increased to 114 inches
(2.858 centimeters), maintaining 50 pounds (22.7
kilograms) of nozzle pressure, the flow of water
increases to 265 gallons (1003 liters) per minute,
with 18 pounds (8.165 kilograms) of friction loss
for every 100 feet (30.5 meters) of 214-inch
(6.35-centimeter) hose. If the nozzle diameter is
increased to 114 inches (3.175 centimeters), the
flow increases to 325 gallons (1230 liters) per mi-
nute, and the friction loss increases to 25 pounds
(11.34 kilograms) for every 100 feet (30.5 me-
ters) of 21%-inch (6.35-centimeter) hose.

e. Friction loss for the five common nozzle sizes
at 50 pounds (22.7 kilograms) of pressure is cal-
culated in table 4-2. Every pump operator should
memorize this table so that he can tell at once how
much engine pressure is required for any type of
layout that uses 21%-inch (6.35-centimeter) hose.

f. When hose is laid or advanced to a level
above the discharge outlet of the pump, the water
in the hose exerts a pressure against the pump,

Table 4-2. Friction Loss of Nozzles at 50 Pounds
of Pressure

Approximate friction loss
Nozzle size in pounds per 100 feet
in inches of 214-inch hose
Y 4
B e 8
1 e 10
1% 18
1Y e 25
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known as back pressure. This back pressure is
determined by multiplying the height above the
pump discharge outlet, in feet (0.305 meter), by
0.434, which is the pressure in pounds per square
inch (6.45 square centimeters) created by 1 foot
(0.305 meter) of water. In the army, each story of
a building is considered as 12 feet (3.66 meters),
so the back pressure for each story would be 12 X
434 — 5.208 pounds (2.36 kilograms per 6.45
sguare centimeters), or approximately 5 psi
(0.366 kilogram per sguare centimeter). For ex-
ample, if the hose is advanced to the third story,
which is two stories above the first, 2 X b or 10 ps
must be added to the pump pressure to compen-
sate for the back pressure. The nozzle size that
should be used is determined by the total length of
a hose layout. In a short layout (up to 600 feet
(183 meters) a Ix-inch (8.175-centimeter) tip
may be used. In a medium layout, 600 to 900 feet
(183 to 274.5 meters), a 11p-inch (2.86-centime-
ter) tip is used. A long layout, 900 feet or over
(274.5 meters), ordinarily requires the use of the
I-inch (2.54-centimeter) tip. The tip size, how-
ever, may be changed at the discretion of the sen-
ior firefighter.

g. To illustrate al the preceding points, set up a
situation involving 700 feet (273.5 meters) of
21l5-inch (6.35-centimeter) hose. This is a medium
layout, calling for the use of a 1 14-inch (2.86-cen-
timeter) nozzle. From table 4-2 it is known that
the friction loss factor of hose and nozzle is 18
pounds (8.2 kilograms) per 100 feet (30.5 meters).
Seven multiplied by 18 equals 126 pounds (57 kil-
ograms) of friction loss; to this add the 50
pounds (22.7 kilograms) of nozzle pressure re-
quired ; the result is a required engine pressure of
176 pounds (80 kilograms). If the hose is taken
up to the fourth floor, three floors above the first,
multiply 3 by 5 (pounds) to get 15 pounds (6.8
kilograms) of back pressure. Then add this 15 to
176 to get 191 pounds (87 kilograms) as the total
engine pressure required. For all practical pur-
poses the answer 191 would be rounded off to 190,
or the nearest figure divisible by 5.

k. One of the most important factors that deter-
mine success or failure in combating structural
fires is the effectiveness of the fire stream. A weak
stream generally will not reach the objective. Too
much pressure will cause a stream to break up
and lose its effectiveness. It has been determined
that 50 psi (22.7 kilograms per 6.45 square centi-
meters) nozzle pressure will, in most cases, result
in a good effective stream. If the chief or crew
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chief in charge decides that less or more pressure
is needed, he will order or signal the pump opera-
tor to decrease or increase the pressure. The
pump operator should, however, set the initial
nozzle pressure at 50 psi.

4. The pump operator of a structural pumper-
must be thoroughly familiar with all the equip-
ment on the truck. He must know how many
lengths of hose there are in each layer in the hose
bed. When hose has been laid from the truck, the
operator should be able to determine how much
hose was used in the lay by glancing at the hose
remaining in the hose bed. (Only an approximate
estimate is necessary.) The pump operator can, by
glancing at the nozzle tips remaining on the truck,
determine what size nozzle tip is to be used.
Knowing the amount of hose laid and the size of
the nozzle tip, the pump operator determines what
pressure must be maintained at the pump to pro-
duce 50 psi at the nozzle by referring to the pump
operator’s guide plate (fig. 4-1).

4-17. Pump Operator’'s Guide Plate

Most structural pumpers employed by the army
are equipped with a pump operator's guide plate
installed on the left side of the pumper directly
over or near the pump operator’s controls.

a This plate (fig. 4-1) lists the pump pressures
required to maintain a desired nozzle pressure for
different size nozzle tips and hose lengths and is
used merely as a guide by pump operators.

b. To read the guide plate, a pump operator
must understand what is meant by “changeover
valve” and what occurs within the pump when the
valve is placed in either of two positions.

¢. He must understand that the only pumps
equipped with a changeover valve are multiple-
stage pumps. The Class 530B or 530C pumper,

Section Nl. HOSE, LADDER,

4-18. Introduction

Hose,, ladder, and pumper drills performed under
simulated fire conditions train firefighting person-
nel for an actual emergency.

a The drills must be varied so that al the fire-
protection equipment on the firefighting vehicle is
used. These drills must be constantly practiced
until the proficiency of both individual and crew
in all the duties to be performed reaches a high
level. After a high degree of skill is achieved,
refresher drills must be carried out to retain it.

4-8

PRESSURE LENGTH OF 2'/2 INCH HOSE LAYOUT
GPM OF NORZLE 100 200 300 400 %00 €00 700 BOO 900 1000
IN POUNDS REQUIRED PRESSURE AT PUMP

SIZE OF
NOZZLE

[ 209 50 62 73 (84 | 95 106/ 117 |128]139] 150] 160

g 266 50 69 1 86 (103|120 | 137]154] 171 | 188 | 20%8] 222

l'/q' 326 50 79 | 103|126]195 | 178[203| 228|283 278|303

Figure 4-1. Pump operator’s guide plate.

used by the army, have a single stage pump, how-
ever a two-stage pump is planned for the future.
The two stage pump has two sets of impellers
which operate from a single shaft. When the valve
is placed in the “parallel” or “volume” position,
the water entering the pump on the intake side is
divided and delivered to both sets of impellers
simultaneously. Then, as the impellers force the
water out of each impeller housing, the two mass-
es of water joins together before emerging from
the discharge outlet. When the valve is placed in
the “series” or “pressure’ position, the water en-
tering the intake side is delivered to one impeller,
which forces the water through an outlet (orifice)
to the other impeller which in turn forces it out at
increased pressure through the discharge outlet,

d. The heavy zigzag line running down across
the guide plate shows pressures required. This
line divides the chart in half and is not to be
considered when operating a single-stage pump.
However, when operating a two-stage pump with
a changeover valve and when pumping a a pres
sure listed to the left of the heavy line, be sure
that the changeover valve is in the volume or par-
alel position. If pumping at a pressure listed to
the right to the heavy line, see that the change-
over valve is in the pressure or series position.
Note that the pressures given in the chart are
actual pressures, and that the pressure gages on
various pumpers will vary in calibration. They
may be calibrated in 2, 5, 10, or 50 psi. The policy
is to set the pump pressure to the nearest calibra
tion of the gage on that specific truck.

AND PUMPER DRILLS

b. In the firefighting drills, each crewman has a
series of assignments which must be quickly car-
ried out in a precise manner and at the proper
time. These assignments involve laying out the
hose, putting the pump into operation, and erect-
ing ladders on buildings. Since hesitancy on the
part of a crewman could cause serious delay, and,
in turn, serious fire damage and loss of life, these
hose, ladder, and pumper operations must be un-
derstood and practiced until each man can execute
them without a moment’s hesitation.



¢. It is difficult to specify a fixed procedure for
drills, because of such variables as the aptitude of
the crewmen, the frequency and intensity of
training periods, and the conditions peculiar to
each fire emergency and to each individual instal-
lation. Some general standards can be set up,
however, although assignments will vary with
each emergency.

4-19. Special Purpose Rolls and Folds

When hose is used in a very large or high build-
ing, it is normally operated from a building stand-
pipe system. This is a system of piping with out-
lets on each floor. A pumping engine should pump
into this system to assure enough pressure for
effective streams. As mentioned under the section
on unlined fabric hose, the fire department ad-
vances its own hose from building standpipes.
Where standpipe systems exist, hose should be
carried that can be taken through doors, on eleva
tors, and up stairways quickly. This hose should
be compactly rolled or folded in such a way that it
can be placed in service very quickly. Certain
methods of rolling and folding hose are well
suited for this use. Hose carried in these rolls and
folds is aso useful for extending lines or replac-
ing burst lengths of hose. Often a carrying pack is
employed which also contains wrenches, adapters
to non-fire service threads on standpipes, and
other tools.

a. The Donut Roll. The donut roll forms a
compact roll with both couplings accessible. The
hose will pay out quickly and easily, even with
both couplings coupled, and does not kink. To
form a donut roll lay the hose out flat (fig. 4-2),
and pull the male coupling back so the hose is
doubled back on itself, with the male coupling
about 3 to 4 feet (approximately a meter) from
the femae. Stand at the folded end, and face the
folded end with one foot on each side of the hose.
Leave enough space in the fold to place one hand
through the roll for carrying. Roll the doubled
hose (fig. 4-2), keeping the top and bottom por-
tions alined with your feet as you back up. When
the roll is completed the male coupling should be a
foot (0.3 meter) or so behind the female coupling,
protected by the hose behind the femae coupling.
This protects threads from damage, or the nozzle
if one is carried preconnected. If the roll is not
exactly alined it can be flattened by laying it on
the floor and stepping on it. If a second man is
available to help in forming the donut roll, he can
keep the hose alined and take up dlack in the top
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portion by pulling on the hose behind the male
coupling. The first man would then face the cou-
pling end to make the roll.

b. The Double Donut Roll. The double donut roll
can be made up with two lengths of hose, and can
also be used for a single length where carrying
space makes a smaller but wider roll desirable. To
roll a double donut with two lengths of hose (fig.
4-3), couple them together and lay the lengths
flat, next to each other. Fold the loop that results
at the coupled couplings back onto the hose. Leav-
ing enough room for a hand hold, roll the hose
toward the uncoupled couplings.

¢. Self Locking Start for Donut or Double
Donut Roll. The saf locking start for donut rolls
(fig. 4-3) will hold the roll in place when it is
handled, and provides a handle for carrying. To
form this feature the end fold or loop is brought
out about 18 inches (14 meter) on each side of the
flat hose before the roll is started, folding it in
once toward the couplings and laying it flat on the
hose. When the roll is completed the loop left ex-
posed on one side is passed through the other loop
(fig. 4-4). By pulling on the hose that passes
through the roll the second or locking loop is
tightened. The roll can be carried by the first loop.
To put the roll in service the loops are first disen-

gaged.

d. The Flat Single Length Fold. A single length
of hose can be folded compactly by laying the
length flat (fig. 4-5), then bringing the couplings
together on top of the hose and engaging them a
few turns to insure they remain coupled. Fold the
hose in from each end to within about a foot (0.3
meter) of the couplings, then fold one side over
the other. Couplings are protected from damage.
The hose can be carried easily and put in service
quickly.

e. The Standpipe Pack. |If a canvas, plastic, or
leather bag is available, the hose can be accordion
folded into it with couplings accessible. When the
hose is coupled to the standpipe or the line to be
extended, the line pays out from the bag (fig.
4-6). This bag can also serve to carry a spanner
wrench and adapters for use if standpipes have
non-fire service threads. A nozzle is usualy carried
connected to the line and often a gated wye is
connected to the standpipe end of the hose. Hose
appliances made of lightweight materials and
hose of lightweight construction should be used
for this purpose if available.

4-9



T™ 5-315

4-20. Hose loads

a. Use of Standard Methods. Hose carried on
fire apparatus is loaded so that it can be put to
use quickly and easily at the scene of a fire. It
must pay out from the hose bed smoothly, without
kinking. Standard methods of loading hose beds
are used to assure that—

(1) Hose will pay out easily, without binding.
(2) Layers of hose will not settle into the

layers beneath, and become tangled.

(3) Hose will not be subjected to any more
sharp bending than is necessary.

b. Determining Which Standard Load to Use.
Several factors determine which of the standard
loads should be used in a particular situation. The
most important of these are—

(1) The size and shape of the hose bed.

(2) The amount of hose to be loaded.

FORMING THE DONUT ROLL.

COMPLETED DONUT ROLL.

FORMING THE DONUT ROLL WITH TWO MEN,

DONUT ROLL PARTLY CO MPLETED.

Figure 4-2. The donut roll.
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(3) The purpose for which the hose will nor-
mally be used.

(4) The water system or location of drafting
sources in the area.

4-21. Apparatus Hose Beds

a. Divided Bed.Most hose carried on apparatus
is loaded in a bed which is open to the rear of the

BEGINING THE DOUBLE DONUT ROLL.

COMPLETED DOUBLE DONUT ROLL.

Figure 4-3. Thedoubledonutroll.

T™ 5-315

apparatus. To increase efficiency, beds are nor-
mally divided into two or more compartments
(fig. 4-7), either by built-in partitions or by plac-
ing boards (baffle boards) in the bed as hose is
loaded. Separate compartments are provided for
2l4-inch (6.35centimeter) and Ix-inch (8.81-
centimeter) hose (fig. 4-8). The term divided load
is used to describe aload in which the larger size
hose, 214-inch (6.35-centimeter), 3-inch (7.62-cen-
timeter) or larger, is divided so that two or more
lines can be laid with a single movement of the
apparatus. This is an advantage when the quan-
tity of water to be moved is too great for asingle
line.

FORMING THE SELF LOCKING START FOR A DONUT ROLL.

COMPLETED DONUT ROLL WITH SELF LOCKING LOOPS.
Figure 4-4. Self locking donut roll.
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BEGINNING THE SINGLE LENGTH FOLD.

SECOND STEP IN FORMING A SINGLE LENGTH FOLD.

COMPLETED SINGLE LENGTH FOLD.

Figure 4-5. The single length fold.

b. Cross Body or Transverse Hose Beds. These
beds are provided on some apparatus for attack
lines, which can be taken off to either side. They
are usually located behind the cab and can be
reached quickly by men riding in or behind the
cab. The lines are usually connected to a swivel
fitting in the middle of the bed, which connects to
piping from the pump. This allows the line to be
taken from the side of the apparatus directly to-
ward the fire, if there is room for both the engine
and a ladder truck in front of the building on fire.
Disadvantages of cross body hose beds include in-
terference with the pump operator’s use of the
pump panel, and the short length of the bed,
which is less than the width of the apparatus.
Hose loaded in such beds has more sharp bends
than where a longer bed is used.

4-22. Functions of Hose lines

The function—or purpose for which normally
used-of a hose line determines how it is loaded
and what type of hose is used. Lines that are
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Figure j—6. The standpipe pack.

normally used for supplying water to pumping
engines, building sprinkler systems, or nozzles
and master stream devices at magjor fires must be
large enough to move large volumes of water
efficiently. They should be capable of being laid by
movement of the apparatus. Preconnected 114-
inch (8.81-centimeter) Or 2l4-inch (6.35-centime-
ter) attack lines, with nozzles attached and con-
nected to piping from the pump, are designed to
be put in operation quickly with the apparatus
placed near the involved building. They are
stretched by hand.

4-23. Standard Loads

The methods used by fire departments for loading
hose on main hose beds of a fire truck are the
accordion load, the flat load, and the horseshoe
load. These loads can be packed tight enough by
hand to keep the layers from settling into each
other as apparatus travels over the road. Tools
such as bars and spanners should never be used to
pack hose. This could result in damaging the hose,
and in loads too tight to pay out easily. When
loading hose it is important to locate couplings so
they will pay out without turning in the bed.
Turning couplings can wedge in the bed and may
also fly up and injure men on the back step. To
locate couplings properly, it is sometimes neces-
sary to use a short fold when loading the bed.
Thisis called a dutchman. The method for form-
ing a dutchman is described under each of the
standard loads. In beginning a load the coupling
that is loaded first-and will be the last off-is
placed at the rear corner of the bed so it can be

seen when the load is completed. When a divided -

bed is used it is possible to connect the top cou-
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A DIVIDED MAIN BED
B,BEDS FOR PRECONNECTED HOSE
C,CROSS BODY OR TRANSVERSE REDS

Figure 4-?. Hose beds.

pling in one bed with the bottom coupling in the
next, so that a single long line can be laid without
stopping. If the hose is not crossconnected, the
visible coupling will show at a glance that the
hose is not preconnected. In describing the var-
ious loads, the front of the hose bed is the end
toward the apparatus cab, and the back or rear
the end at the back step.

a The Accordion Load. The accordion load con-
sists of folding the hose back and forth lengthwise
in the bed accordion fashion, with the hose on
edge. The main advantage of this load is the ease
with which shoulder loads can be formed for hand
stretching lines. Its principal disadvantage is that
it places many sharp bends in the hose.

(1) To form an accordion load, place the first
coupling in the rear of the bed, next to the parti-
tion or baffle board that will separate the two
parts of the main hose load (fig. 4-9). Take the
hose to the front of the bed, standing on edge, fold
180°, and bring it to the rear alongside the first
fold. Again fold 180 degrees and repeat the proc-
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Figure 4-8. Divided bed.

ess. As each end fold is formed, stagger aternate
folds with the first al the way to the end of the
bed, and the next 2 or 3 inches (5 to 8 centime-
ters) short of the end. This keeps folds from
coming directly opposite each other, which would
make the ends fill up faster than the middle of the
bed and would also make the folds sharper.

(2) To change the position of a coupling with
a dutchman, take a short fold in the hose (fig.
4-10). This assures that the coupling will not turn
in the truck bed when paying out.

(3) When a layer is complete, the last 180°
fold at the rear of the hose bed is made in the
opposite direction of the other folds (fig. 4-11).
This prevents kinking when the hose is laid. The
hose is then tucked between the two previous
folds and taken to the front of the bed, rising
gradualy to the top of the first layer at the front
of the bed. It is then either brought straight back,
beginning the next layer, or carried across the
front of the bed to begin the second layer on the
same side as the first.

b. The Flat Load. The flat load consists of fold-
ing the hose back and forth lengthwise in the bed,
with the hose flattened (fig. 4-12). It pays out
very easily and produces a straighter lay than the
accordion load. However, it is more difficult to
form shoulder loads for hand stretching from the
flat load than from the accordion load. Both loads
have many sharp bends in the hose.

(1) To form a flat load, place the first cou-
pling in the rear corner of the bed next to the
partition or baffle board that separates the two
parts of the main hose load (fig. 4-12). Lay the
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hose to the front of the bed, fold it 180 degrees,
and bring it to the rear at a dight diagonal to
place the second fold next to the first coupling.
Fold 180 degrees and repeat the process. Keep the
end folds even.

(2) To change the position of a coupling,
make a short fold (dutchman) as with the accor-

BEGINNING THE ACCORDION LOAD

FORMING THE ACCORDION LOAD NOTE STAGGERED FOLDS.

Figure 4-g. The accordion lead.

4-14

Figure 4-10. Forming a dutchman.

dion load, except that the fold will be doubled
back on itself rather than placed next to itself
(fig. 4-12).

(3) When the first layer is complete, begin
the second by laying the hose diagonally in the
opposite direction (fig. 4-12). The layers are
formed in the same manner as the first layer,
except that in alternate layers the end folds at
each end are staggered by 2 or 3 inches (5 to 8
centimeters) so that the bends will be less sharp
and the ends will not fill up faster than the middie
of the bed.

C. The Horseshoe Loud. The horseshoe load con-
sists of hose loaded around the sides and front of
the bed so that its shape roughly resembles that of
a horseshoe. It has the advantage of less sharp
bends in the hose, but does not lend itself readily
to forming shoulder loads for hand stretching.

(1) To form the horseshoe load, place the
first coupling next to the partition or baffle board
that separates the two parts of the main hose load
(fig. 4-18). Lay the hose to the front of the bed
with the hose lying on edge, fold the hose 90 de-
Agrees, and lay it across the front of the bed to the
opposite side. Make a90° fold and lay the hose to
the rear of the bed. Then fold it 180 degrees and
repeat the process. Stagger the 180 degree folds
at the rear of the bed as shown in figure 4-13.

(2) Coupling positions can be changed by use
of a short fold (dutchman) as with the accordion



Figure 4-11. Two methods of starting
second layer of accordion load.

load or by taking an extra fold across the front of
the bed (fig. 4-14).

(3 A new layer is started by bringing the
hose to the rear of the bed (fig. 4-15), across the
end of half of the layer, and then gradually rising
asit isbeing brought to the front of the bed. An
aternate method (fig. 4-15) may be used in which
the last fold of the layer toward the front of the
bed is brought up, laid flat, and placed diagonally
to afront corner. Then the hose is folded to bring
it up on edge and laid in the same way as the
layer laid previously.

4-24. Hose load Finishes

Hose load finishes have two primary purposes-to
provide hose line at the fire area with a minimum
amount of effort ‘and for convenience in hooking
up to a hydrant. The finishes must provide a
loosely loaded hose that will pull off the truck and

™ 5-315

pay out easily. The method adopted is governed by
the local conditions and the preferences of the fire
chief.

a. The Donut Finish. The donut roll, described
in paragraph 4-19a, can be used to finish a hose
load (fig. 4-16). It provides 50 feet (15 meters) of
hose to facilitate hoooking up to a hydrant or
advancing attack lines. When a load is finished
with a donut roll a second length of hose is
usualy placed (flaked) loosely back and forth
across the top of the load so the donut can be
carried off easily.

b. Cross Fold or Riprap Finish. This finish
consists of loading the last length or two in a
loose accordion fashion across the hose bed on top
of the load (fig. 4-17). It will pay out. freely, and
a bundle can be grasped under the arm when step-
ping off to catch a hydrant.

C. Skid Load Finish. The skid load is used to
finish a load for working attack lines when the
reverse lay is employed. About 15 feet (4.5 me-
ters) of hose is loaded starting at the front of the
bed with a cross fold (fig. 4-18). The hose is then
turned flat and brought to the rear of the bed
about 12 to 18 inches (30.6 to 46 centimeters)
from the side of the bed. It is alowed to hang
over the rear edge of the load about a foot (30.6
centimeters) 180°, and taken back on itself to the
front of the bed. Here it is folded to run at aright
angle to a point the same distance from the oppo-
site end of the load, folded again, and brought to
the rear and back to form a second skid (fig.
4-18). At the front of the bed the hose is brought
up on edge and loaded in a cross fold on the two
skids (fig. 4-18). The ends of the cross fold are
kept 3 to 6 inches (7.6 to 15 centimeters) from
the sides of the hose bed so the load will not dis-
lodge when laying out. A nozzle can be attached
and placed on top of the cross folds (fig.4-18). A
214-inch (6.35-centimeter) by 1l4-inch (3.81-
centimeter) reducing wye can be coupled to the
214-inch (6.85-centimeter) hose and a line of 114-
inch (3.81 centimeter) hose, or two lines folded to-
gether, used to complete the skid load. Care must
be taken that all couplings and appliances used in
the skid load rest on the skids or on top of the
cross fold position.

4-25. Inspection and Maintenance

All hose and fittings should be inspected monthly,
and after each use they should be washed and
inspected again.
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BEGINNING THE FLAT LOAD FORMING THE FLAT LOAD

THE SECOND LAYER NOTE THAT FOLDS ARE STAGGERED
FROM THOSE IN FIRST LAYER

BY FOLDING THE HOSE BACK ON ITSELF

Figure 4-12. The flat load.
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a. When inspecting hose, go over the jacket
thoroughly for breaks or worn spots. Look closely
where the hose enters the coupling to see if there
is any sign of the coupling coming loose. Look
inside the coupling for damaged or dipping ex-
pansion rings. Inspect the swivel of the female
couplings for damage.

b. Any damage to hose should be reported im-
mediately to the crew chief in charge and re-
corded on the hose record card. The threads of
couplings should be cleaned thoroughly with a
wire brush and a small amount of powdered

BEGINNING THE HORSESHOE LOAD.

FORMING THE HORSESHOE LOAD.

NOTE STAGGERED FOLDS.

Figure 4-18. The horseshoe load.
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graphite or mild soap solution should be applied
to them.

4-26. Hose layouts and Carries

The preceding paragraphs covered the various
methods of loading hose on a firetruck. Additional
preparation is that of hose layouts and advance-
ment to fires. Time is not so important when load-
ing hose, but the process requires the utmost skill
and cooperation because it is an important factor
in hose layouts. There are only two hose layouts
used in the Army: the straight lay and the re-
verse lay (which is the standard Army hose lay),

a. Straight Lay. The straight lay (fig. 4-19) is
made as follows: On the approach to a fire the
truck stops at a hydrant chosen by the crew chief.
The hydrant should be as near the fire as possible
without endangering the truck or driver, should
the fire spread. The plugman steps off with enough
line, and while he takes a turn around the hydrant
with the hose, the truck proceeds to the fire. The

Figure 4-14. Two methods of forming a dutchman
with the horseshoe load.
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STARTING A SECOND LAYER OF THE HORSESHOE LOAD.

ALTERNATE METHOD OF STARTING A SECOND LAYER.

Figure 4—15. Second layer of horseshoe load.

plugman removes the 2l4-inch (6.35centimeter)
cap nearest the fire, connects the hose, removes
the loop that is around the hydrant, opens the
hydrant with his hydrant wrench, and proceeds to
the fire, straightening out kinks or bends in the
hose on the way. When the truck arrives at the
fire, a hose clamp is applied to the hose, and
enough working line (determined by the crew
chief) is removed from the truck by a hoseman,
who grasps one or more folds and walks backward
till the loop or loops are clear of the truck. Then
he goes back to the truck and repeats the proce-
dure. He lays each loop nearer the fire. When
enough hose has been removed, he disconnects the
nearest coupling, puts the loose end back in the
truck bed, and connects the nozzle to the hose. He
then removes the hose clamp from the hose. He
can then advance to the fire.

4-18
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Figure 4—16. Donut roll finish for hoese load.

NOTE

It is a good practice for the driver, if
possible, to stop the truck about 75 to 100
feet (23 to 30.5 meters) beyond the near-
est point to the fire. This will give the
hoseman that much additional working
line.

The straight lay, particularly if a long 2l4-inch
(6.35-centimeter) supply hose line is used, car
supply only 134-inch (3.81-centimeter) hose line:
and the pumper can be used only to a fraction of
its capacity. The straight lay should be used with
caution and only for a 114-inch (3.81-centimeter)
hose stream fire without possibility of develop-
ment into a 2l4-inch (6.35-centimeter) hose
stream fire. The straight lay may be used under
certain circumstances if a second pumper is posi-
tioned at the hydrant.
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Figure 4~17. Cross fold finish for hosge load.
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FORMING THE CROSS FOLD PORTION
OF THE SKID LOAD FINISH.
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COMPLETED SKID LOAD FINISH FOR HOSE LOAD.

Figure 4-18. Skid load finish.
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Figure 4-19.Straight lay.

b. Reverse Lay. When using the reverse lay, the
hosemen lay hose from the fire to the hydrant (fig.
4-20).

(1) The pumper can be used to capacity and
2145-inch (6.35centimeter) hand lines used only
hhen the pumper is positioned at the hydrant and
taking suction through a 414-inch (11.43-centime-
ter) hose.

(2) To make the reverse lay, the following
procedures should be used. The truck should stop
75 to 100 feet (23 to 30.5 meters) short of the
nearest point to the fire. (This will give additional
working line.) The hosemen remove the working
line by pulling a “skid” or other hose load. When
the working line is removed, the nozzlemen start
advancing the line to the fire. While the nozzlemen
are occupied, the crew chief, driver, and plugman
remove other equipment that may be needed, such
as ladders (extension and roof), forcible-entry
tools, portable lights, and pike pole. This equip-
ment should be placed off the road and on the fire
side of the truck. The crew chief kneels on the
hose line to anchor it as it pays out, and then
proceeds to the fire to aid and supervise the noz-
zlemen.

NOTE

This procedure is flexible. The crew chief
may have one of the hosemen anchor the
hoseline while he proceeds to the fire.

The driver and plugman remount the truck, the
plugman riding on the side to avoid injury from
hose and couplings as the load is paying out. Mak-
ing sure that a crew member is anchoring the
hose, the driver drives the truck to the hydrant.
He then puts the pump in gear, dismounts, discon-
nects the hose at a coupling (making sure there is
enough hose to reach the pump), returns the loose
end of the hose to the hose bed, carries the end of
the hose that leads to the fire around to the pump
on the side opposite the hydrant, and connects the
hose to the discharge outlet of the pump. He may,
if necessary, assist the driver in connecting the
suction hose to the hydrant. The hydrant valve is
then opened. The plugman proceeds to the fire,
checking the hose line for leaking couplings and
kinks, and reports to the crew chief. The driver
remains at the pump controls at all times while
the pump is being used.

c. General Principles of Layout. Any crew mak-
ing a layout during drill or actual emergency
must understand the principles of fire hydraulics
in order to compute such things as friction loss.
Hose layouts, such as siamese operations, may be
carried out during drill periods, depending upon
the potential firefighting demands of the individ-
ua base. In areas where the possibility of exten-
sive fires exists, it may be well to concentrate on
drills containing layouts where large water vol-
umes and pressures may be required. It may be
advisable under these conditions to establish a
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Figure 4-20. Reverse lay.
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preassigned procedure for each piece of apparatus
where the fire hazard exists. The pieces of appara-
tus which would normally be first in, or first to
arrive at the scene of a potentia fire, should be
given priority.

d. Advancing the Lines. The most commonly
used method of advancing the line is as follows :

(1) The nozzleman faces away from the fire,
puts the hose over his left shoulder with the noz-
Zle hanging downward at his back, and turns to
the left facing the fire; the hose will extend across
his chest and in under his right arm (fig. 4-21).
He then advances to the fire.

(2) Personnel to the rear of the nozzleman
carry the hose by means of the shoulder carry and
the underarm carry (figs. 4-22 and 4-23). When
using the shoulder carry, the carriers must place
the hose on the same shoulder as the nozzleman
uses. The underarm carry is particularly good for
advancing lines at street level. Underarm loads
may be picked up easily and quickly.

e. Advancing Hose up a Ladder. A 214-inch
(8.35-centimeter) hose should always be advanced
up a ladder with a dry line if possible.

(1) A hose full of water is difficult to move or
maneuver. If the line is aready charged, time and
effort are saved if the line is first broken and
drained before any extensive advancement is at-
tempted.

Figure 4-21. Carrying a hose forward.
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Figure 4~22. Shoulder carry.

(2) In advancing an empty line up a ladder,
the men climb about 10 to 12 feet (3 to 3.7 me-
ters), with the hose on their shoulders and 20 to’
25 feet (6 to 7.6 meters) between them (fig.
4-24). As the operation progresses ,additional hose
must be fed or passed to the men on the ladder to
prevent the line from becoming fouled. When
enough hose for adequate maneuvering has
reached the desired height, the hose line should be
anchored with a rope hose tool, chain, or strap to
a fire well, a window sill or the ladder itself. The
anchor should be made directly below the coupling
to remove the strain of the hose and water weight
from the lineman.

f. Advancing Hose Up A Stairay. Hose is diffi-
cult to drag even in an open, unobstructed area,
and it is very difficult to maneuver around ob-
structions, such as those offered by a stairway.
Time and energy may be saved if the hose is car-
ried. The underarm carry is superior for stairway
work under most conditions (fig. 4-25). If the
hose has been properly removed from the appara
tus, a man can quickly grasp an armful, since it
lies in an orderly position. Again, advancing the
hose is much faster and easier if the line is kept
dry until the fire is approached; this can be done
by keeping the hose clamp in place until the
proper time for its release.
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Figure 4-28. Underarm. carry.

0. Advancing Hose With a Handline. It fre-
quently becomes necessary to take a hose line to
an upper window or over a roof parapet with a
handline. The line should be dropped from above
by someone who has already carried the coiled
handline to the desired level. Hose lines should be
hoisted dry whenever possible, even if this re-
quires draining a line. It is usually faster to do
this than to attempt to hoist a charged line. In
hoisting the line, it is doubled back so that the
nozzle is about 4 feet (1.22 meters) from the end
(‘fig. 4-26). A clove hitch is tied around the nozzle
and hose, securing the nozzle a few inches be-
hind the tip, with the standing end of the rope
on the opposite side of the doubled hose from the
nozzle (1). Next a half hitch is taken around the
hose about a foot from the end (2). As the hose is
hoisted, the standing end of the rope is kept be-
tween the building and the hose if possible, to
prevent unnecessary damage to the hose. A man
on the ground guiding the hose can assist in main-
taining this position.

4-27. Replacing a Section of Hose

A hose line does not normaly burst when equip-
ment is properly handled, maintained, and in-
spected. Nevertheless, it happens, and any fire or-
ganization will suffer serious consequences if

4-22

drills and precautions against burst lines are not
undertaken. If a hose bursts, either the ruptured
section of hose must be replaced, or a short line
must be extended; either procedure requires shut-
ting down the line by kinking it (fig. 4-27) or by
using a hose clamp. The hose clamp is normally
used if it is immediately available; if not, the line
may be kinked behind the coupling to save the
time required to go back to the hydrant. The re-
placement section is brought to the point where it
is to be inserted, care being taken that the cou-
plings are not dragged, dropped, or damaged in
moving and that the male and female coupling are
placed to make proper connection. Manpower per-
mitting, the ruptured section should be removed
while the replacement section is being carried
from the apparatus. To save time, both connec-
tions should be made simultaneously.

4-28. lengthening a Hose

Every precaution must be taken to provide
enough hose for whatever maneuvering may be
required to reach any portion of the structure
involved in fire or any nearby structures which
may be ignited by the original fire. Frequently,
1i4-inch (3.81 centimeter) lines are fed by a 214-
inch (6.35-centimeter line for confined spaces
and for overhaul purposes. This requires that the



larger line be advanced when necessary and de-
mands surplus or additional lines. When a line
must be lengthened, two men remove two lengths
(or 100 feet (30.6 meters) of hose) from the
truck, and, using the shoulder carry, proceed to
the end of the line (fig. 4-28). When the second
man is about 25 feet (7.6 meters) beyond the end

Figure 4—-25. Advancing a hose up a stairway.
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Figure 4-26. Hoisting hose with a handline.
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Figure 4-27. Kinking a hose line to stop flow.

of the line to be lengthened, he drops the hose,
lays the coupling on the ground, and goes back to
make the connection. The line is coupled while the
first man continues on, paying off hose from his
shoulder. After completion of the connection,
water is readmitted into the hose when the signal
isgiven.

4-29. Controlling a Charged line

Working on a ladder sets up unstable conditiona
especially when a charged hose line is being han-
died. To prevent accidents and conserve efforts,
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the hose may be anchored to the ladder with ei-
ther a hose rope, a hose strap, or a hose chan
(fig. 4-29).

a. As previoudly stated, it is difficult for one
man to hold a nozzle of normal size whichisdis-
charging water from a21%-inch (6.35-centimeters)
line. This feat becomes even more difficult on a
ladder. Therefore, when water is being discharged
from a nozzle while the nozzleman is standing on
a ladder, the hose should be secured to the ladder
afew feet behind the nozzle, or within the small-

est distance necessary to permit proper movement
of the stream. Securing the hose in this way stops
the nozzle reaction or kickback.

b. Frequently, when a nozzle is operated from
ground level, not enough manpower is available,
or too much nozzle pressure causes the nozzle to
set up too much reaction to allow its safe holding.
This situation may be remedied to a reasonable
extent by shutting off the nozzle, looping the hose,
and tying it to the forward end of the loop just
far enough behind the nozzle to allowmaneuvera-

Figure 4-28. Lengthening a hose.
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Figure 4-29. Securing hose to ladder with hose strap.

Figure 4-30. Securing hose against back pressure.

bility of the nozzle (fig. 4-30). Tying the hose in
this manner increases friction loss somewhat and
gives the hose a greater tendency to straighten
itself. After securing it, however, one man should
be capable of directing the stream. When move-
ment of the hose is necessary, tying the hose in
this manner is not recommended.

4-30. Moving Hose lines

Hose lines when dry or uncharged must fre-
guently be moved from one location to another.

a. When any great quantity of hose, such as
severa lengths, must be carried from one location
to another, it normally requires the coordinated
effort of several men to move the hose with any
degree of speed and order.
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b. Shoulder loads are formed by the first man,
who starts with the nozzle or free end of the hose
and places several layers or loops of hose over his
shoulder in front and back ; but they must not
extend so far as to interfere with his mobility.
The next man will leave about 10 feet (3 meters)
between the man in front of him and the point
where he starts forming shoulder loads. This op-
eration continues until all available manpower is
utilized (fig: 4-31).

¢. When a single 50-foot (15-meter) section of
hose is to be carried, a man places the main body
of the hose on his shoulder and holds it with one
hand (fig. 4-32). He uses his other to hold both
couplings to prevent them from being dragged on
the ground or damaged in some other way.

d. If a smal additional length of hose is needed
to reach the fire or to alow the hose to move to
another area, a loop may be formed in the line
and rolled toward the nozzle. This operation re-
moves much of the zigzag slack from the line and
lengthens it somewhat, thus increasing nozzle

mobility and stream range efficiency-both from

the standpoint of decreasing friction loss and in-
creasing the range.

4-3 1. ladders

A ladder is made of wood, rope, or metal, and is
as definitely a part of fire service equipment as
the hose, nozzles, or tools.

a A firefighter must know how to carry, raise,
and climb the different types of ladders issued by
the Army. He should practice these procedures
until the operations become as nearly automatic
as is humanly possible.

b. The principal parts of a ladder are the sides,
called beams, and the crossbars, called rungs. Lad-
der rungs are of the same design, regardiess of
the type of ladder. They consist of a round bar of
specified size and strength.

c. Trussed ladders are designed as they are to
make them stronger and lighter (fig. 4-33). A
solid-beam ladder made of good material may
meet the strength specifications, but it is much
heavier than an equally strong trussed ladder, so
the truss type is perferable. Trussed ladders are
constructed with two beams on each side of the
ladder. Some are made with one of the beams
larger than the other beam on the same side of the
ladder; others are made with all beams of equal
size. With the former, the rungs are set in the
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Figure 4-32.
4-26

Figure 4—31. Hoving a hose line using shoulder loads.

Carrying a single folded section of hose.

larger beam, which is called the rung beam; the
other beam is called the truss beam. Where the
beams are of equal size, the rungs are set into
blocks which are, in turn, set between the two
beams.

d. The beams of wooden ladders are made of
either Douglas fir or airplane spruce. The rungs
of a wooden ladder are made of second growth
hickory or ash. Many ladders are now being made
of aluminum and are much lighter in weight.

4-32. Kinds of ladders

Ladders currently being used by the Army are
straight ladders, extension ladders, folding lad-
ders, roof ladders, and Bangor ladders.

a. Straight Laddem. Straight ladders are some-
times called wall ladders and range in length from
10 to 40 feet (3 to 12 meters). In the Army these
ladders are constructed on the exterior walls of
buildings. They are used as auxiliary ladders only.

b. Extension Laddem. As the name implies,
these ladders consist of two or more sections. The
base section is called the bed ladder, and the other
sections are the fly ladders. The fly ladder slides
through guides on the upper end of the bed ladder
and is equipped on the lower end with pawls, or
dogs, that hook over the rungs of the bed ladder
when extended to the desired height. The fly lad-
ders are raised by a halyard that is fastened to the
lower rung and operates through a pulley on the
upper end of the bed ladder. Extension ladders
are made in lengths from 14 feet (4 meters),
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called the “baby” extension, to aerial ladders of
160 feet (48 meters). However, extension ladders
used most commonly by the Army are the 20,
24, and 36-foot (6, ‘7, and U-meter) extensions,
and the 40 and 50-foot (12 and 15-meter) Ban-
gors.

C. Roof Ladders, Roof ladders issued by the
Army have hooks mounted on a movable socket,
which permits them to fold inward when not in
use. Roof ladders range in length from 10 to 20
feet (3 to 6 meters), They may be of either the
solid-beam or truss type. By placing the hooks of
the ladders over roof peaks, sills, walls, or the
coping of any opening, a fireman can climb the
ladder with safety even though its butt may not
rest on a foundation.

d. Bangor Ladders. A Bangor ladder is an ex-
tension ladder 40 feet (12 meters) tall or taller
(fig. ‘4-34). Each side has a pole attached to it
with a swivel. These poles are called tormentors.
They have a spike in each free end, and aid in
lifting and steadying the ladder while it is being
raised.

e. Folding Ladders. A folding ladder is made up
of two or more sections which are hinged for fold-
ing. A mechanism locks the hinges when the lad-
der is extended for use.

4-33. ladder Carrying

a. One-Man Carry. Often a shortage or man-
power makes it necessary for one man to carry
and operate ladders. One well-trained man can do
this, leaving the other men to perform the many
other tasks necessary during an emergency. The
roof ladder can be carried by removing it from
the apparatus and passing either arm through the
ladder at the middle of its length. The hooks
should be carried forward and lowered (fig.
4-36). Extension ladders under 25 feet (7.6 me-
ters) in length can be carried by positioning the
shoulder at the center of the ladder with the heel
forward, as shown in figure 4-36. This method
allows the ladder to be set and raised in one con-
tinuous operation.

to 36 feet long (8 to 11 meters) require a mini-
mum of two men, one near each end. After they
have removed the ladder from the apparatus, each
man passes one arm through the ladder and
grasps the second rung forward (fi. 4-37). Both
men must be on the same side of the ladder. The
heel should be carried forward. When carrying a
ladder in a crowded area, the lead man will use
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Figure 4-86. One-man carry.
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Figure 4-86. One-man extension ladder carry.

his outside hand to prevent injury to persons in
the line of travel.

C. Four-Man Carry. Four men remove the lad-
der from the apparatus and place it on the ground
with the fly of the ladder up. The men take posi-
tions, two near each end on opposite sides of the
ladder. They face the top of the ladder, reach
down, and grasp a rung with the hand nearer to
it. They raise the ladder on their shoulders and
carry it, as shown in figure4-38.

d. Six-man Carry. This carry is used for the
Bangor ladders and is the same as the four-man
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carry, except that two additional men are placed
in the middle on opposite sides of the ladder (fig.
4-38).

NOTE

Ladder drills tie in very closely with
hose operations, because ladders are fre-
quently needed for maneuvering the hose
to an effective fire-extinguishment posi-
tion. In addition, ladders are needed for
rescue, ventilation, and salvage work,
and for other fire fighting duties.

4-34.LadderRaising

Asin ladder carrying, ladder raising is an opera-
tion requiring practice and cooperation. Before a
ladder can be raised, it must be determined how
far the heel of the ladder should be placed from
the building. There are two methods to determine
this. One is to divide the length of the ladder bys
and add 2. For example, if a 85-foot (U-meter)
ladder, fully extended, is to be used, the distance
would be (35 =~ 5) + 2= 9 feet (2.7 meters).
The other method is simpler and more commonly
used. The distance is determined by dividing the
length of the ladder by 4. Thus, if a 85-foot (11-
meter) ladder is to be used, divide 36 (11) by 4
and the result is approximately 9 feet (2.7 me-
ters) (fig. 4-89).

a. One-Man Raise. There are two methods by
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Figure 4~87. Two-man ladder cary.

which one man can raise a ladder. The first
method, while slower, is easier for the beginner.

(1) Carry the ladder as described in para-
graph 4-33 to the desired location.

(2) Place the heel of the ladder against the
building.

(3) Grasp the top rung and raise the ladder
to a vertical position while walking toward the
heel, using every other rung (fig. 4-40).

(4) Grasp the ladder by the rungs with both
hands, about three rungs apart. Lift the ladder off
the ground and carry it back to the desired dis-
tance from the building.

(5) If the ladder is the extension type, step
around in front of the ladder, grasp a rung at
head height with both hands, and pull away from
the building until the ladder is again vertical.

(6) Still facing the ladder, place one foot
against the side of the beam, the knee against the
front of the beam, thereby steadying the ladder.
Allow the top of the ladder to lean slightly toward
the building to counteract the pull of the halyard.

(7) Raise the extension to the desired height
and lock the pawls. Lower the top so that it rests
firmly against the building (fig. 4-41).

NOTE
The other method of the one-man raise is
faster but requires more skill. Carry the
ladder as shown in figure 4-35. When
the heel of the ladder is at the desired
position, start pressing down on the heel,
with the hand holding the ladder; when

the heals are nearly parallel with the
ground, lean forward and give a sharp
push with the shoulder. This will set the
ladder in the vertical position. Raise the
extension as described in (5) through
(7) above.

b. Two-Man Raise. When enough manpower is
available, two men should be used for raising 24
and 26-foot (7 and 8-meter) ladders. The follow-
ing method should be used:

(1) The ladder is removed from the appara-
tus and carried to the desired position.

(2) The heel should be spotted at a point
directly below where the top is to rest.

(3) Where there is enough distance between
buildings, the ladder is positioned at right angles
to the target building; otherwise the ladder must
be positioned parallel to the target building. The
ladder is laid flat with fly ladder up.

(4) The man designated to heel the ladder
stands on both heel plates, reaches forward and
grasps a rung with both hands, and then leans
back to assist in the raising.

(5) The other man stands at one side of the
ladder, facing the top. He reaches down and
grasps a rung near the top, raises the ladder over
his head, swings in under the ladder facing the
foot, and walks toward the foot using every other
rung. If the ladder is positioned parallel to the
building, both men grasp the beams and swing the
ladder around with the fly inside.

(6) The two men are now facing each other
through the ladder. The man on the inside stead-
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Figure 4-98. Four and siz-man ladder earries.



Figure 4-39. Proper ladder angle.

ies the ladder while the man on the outside raises
the fly to the desired height and locks the pawls
(fig. 4-42).

(7) The ladder is then lowered to the build-
ing by both men.

(8) To lower the ladder, reverse the opera-
tions.

c. Four-Man Raise for Bangor Ladders. Al-
though six men should be used to raise Bangor
ladders, shortage of manpower frequently makes
it necessary to use the four-man raise. The proce-
dureisasfollows:

(1) The four men remove the ladder from the
apparatus and carry it to the desired point. Then
ground it at right angles to the building with the
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Figure 4-40. One-man ladder raise.

heels close to the building. The four men then take
their positions as shown in figure 4-43.

(2) Nos. 1 and 2 release the tormentors and
pass them overhead to Nos. 3 and 4 ; then they
return to a position just below the tormentor
swivels.

(3) Facing the top of the ladder, Nos.1 and 2
grasp a common rung and raise the ladder over-
head ; then they swing around in under the ladder
and raise it to the vertical position by walking
toward the foot. The pole men assist as soon as
the ladder is raised above the beam men’s heads.

(4) Nos. 1 and 2 grasp a convenient rung,
and with their other hands on the beam, lift and
carry the heel to the proper distance from the
building.

(5) Nos. 1 and 2 each place a foot on the
rung, and Nos. 3 and 4 pull the ladder to the
vertical position with the tormentors. Nos. 1 and
2 then raise the ladders and lock the pawls.
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Figure 4—41. Placing of one-man raised ladder.

(6) The ladder is then held in place by Nos. 1
and 2 while Nos. 3 and 4 lower the ladder to the
building with the tormentors. The tormentors are
then locked in place.

d. Six-Man Raise for Bangor Ladders. Six men
should be used to raise Bangor ladders whenever
possible. The procedure is as follows :

(1) The men remove the ladder from the ap-
paratus and carry it to the desired location.

(2) The men ground the ladder with the fly
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Figure j-42. Two-man ladder rake.

ladders on top, then they take their positions as in
figure 4-44.

(3) Nos. 1 and 2 release the tormentors by
pulling the keys, raise the ends, and pass them to
Nos. 3 and 4, who, in turn, pass them to Nos. 5
and 6, the tormentor men. With the spur of the
tormentors between the first and second fingers of
the hand nearest the spur when standing outside
the tormentors, the other hand grasps the tormen-
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Figure 4—438. Four-man Bangor ladder rake.

tor a arms length. These men should be about 5
feet (1.5 meters) apart.

(4) Nos. 1 and 2 stand on the heel plates and
reach over and grasp a convenient rung as the
ladder is raised.

(5) Nos. 8 and 4, facing the top of the ladder,
reach down and grasp a common rung, raise the
ladder overhead, swing under the ladder, and
raise it using every other rung. Nos. 5 and 6 take
the weight from Nos. 3 and 4 with their tormen-
tors as soon as possible, pushing the ladder to the
vertical position.

(6) When the ladder is vertical, No. 5 will
swing to the inside of his tormentor pole and
carry it around to a position at right angles to the
other tormentor (fig. 4-45). This steadies the lad-
der and allows it to be set plumb.

(7) Nos. 3 and 4 hed the ladder while Nos. 5
and 6 lower the ladder to the building with the
tormentor poles. The tormentors are then set
under the ladder to prevent sidesway.

(8) To lower the Bangor ladder, reverse the
operations.

4-35. ladder Climbing

a. Ladder climbing is involved in the duties of
rescue, ventilation, and extinguishment, including
the moving of hose, ladders, and other cumber-
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Figure 4—44. Six-man Bangor ladder raise.

some but necessary equipment. Since al these du-
ties must be carried out swiftly under the strain
of a fire emergency, ladder climbing becomes a
highly important skill. To acquire ease in ladder
climbing and its related uses, the average man
needs much practice.

b. In climbing a ladder, one hand is aways on
one of the rungs, unless an article of equipment is
being carried up or down the ladder. If something
is carried in one hand, it should be dlid along the
beam, if possible, to give the climber at least a
limited hold at all times.
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Figure 4—45. Position of tormentor men-Bangor ladder.

¢. An unnatural coordination exists in proper
ladder climbing, for while one foot or the other
must be placed on every rung, one hand or the
other moves only once for each two rungs as-
cended by the feet.

d. The feet should be placed in the center of
each rung to prevent the ladder from wobbling.
For speed and smoothness, the body should be
carried in a nearly upright position with the arms
moving outward almost in an arch as the hands
are changed from rung to rung. The ball of the
foot should be placed on each rung to get complete
advantage of the leverage afforded by the angle.
When poor weather provides little traction be-
tween the boot and rung, the arch in the center of
the boot should be placed on the rung as a safety
measure. Using the ball of the foot for climbing
permits more speed and smoothness and takes less
effort. Climbing should be steady and smooth, and
no attempt made to run either up or down a lad-
der. The upper part of the body should move so
evenly that it appears to be standing on an escala
tor.

e. Locking in on a ladder means simply placing
the leg between two rungs and bringing the foot
back out between the next lower rungs and lock-
ing the foot either around the rung or around the
beam (fig. 4-46). This leg lock enables the man on
tlhe ladder to work with both hands free to handle
hose, ladders, and tools. Men should anchor them-
selves to a ladder with a rope hose tool or a safety
belt only when one position must be kept for a
long time. Short men are more comfortable when
they lock one foot around the rung above the one
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on which the other foot is placed, while tall men
usualy are more at ease when they lock one foot
around the beam.

f. For safety, especially when there is consider-
able weight and activity on a ladder, it should be
anchored to the building with a rope hose tool,
hose chain, or strap. This anchor prevents the
ladder from slipping or turning over when the
load is shifted; it also eliminates much of the vi-
bration caused by activity on the ladder. When
necessary, the slack must be taken from the rope
by twisting it or taking an extra turn around the
ladder rung.

4-36. Pumping Operations

It is difficult to establish a definite, rigid proce-
dure for the operation of firefighting pumps be-
cause fire services employ many types of pumps.
Each type of pump normaly is manufactured by
many corporations, and each corporation, in turn,
locates the pump valves and levers in various
places on the apparatus. Although comparable
vaves and levers may serve almost identical pur-
poses, they often differ considerably in appear-
ance. Consequently, it is practical to give here
only the operational sequence, eliminating details
of description and location of the valves, levers,
and gages.

a Placing the Booster Line in Operation. All
Army pumpers have booster tanks which contain
a minimum of 150 gallons (568 liters) of water.
The speed and efficiency with which a booster line
can be placed in operation largely determines the
amount of damage by smoke, fire, and water that
can be prevented. The proper use of the booster
line is frequently responsible for the extinguish-
ment of fires at an early stage.

(1) To place the booster line into operation,
first remove the line from the pumper and assign
one crewman to man the nozzle. Since the hose
usually is 1 inch (2.54 centimeters) or less in di-
ameter, one man can operate the nozzle efficiently
with the limited amount of pressure generated
and volume discharged. Next, start the pumper
engine, if not already running, and alow it to
idle. Then place the pump in gear.

(2) Open the pump intake valve leading from
the tank to the pump and alow the pump to fill
with water. Then open the pump discharge valve
leading from the booster line. With the engine
till idling, alow the booster line to fill with water
to the nozzle. Accelerate the engine until the gage
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Figure 4-46. Looking in on aladder.

on the control panel shows the pump pressure to
be 100 psi, then open the nozzle. When it becomes
desirable to shut down the pump, retard the throt-
tle, close the pump discharge valve and the inlet
valve, take the pump out of pump gear, and place
it back in road gear. If it becomes necessary to
close al discharge valves during pumping opera-
tions, the pump should be taken out of “pump”
position and placed in “road” position. This will
prevent the water in the pump from “boiling.”
The relief valve will take care of the pressure and

heat for a short time, but nct for extended peri-
ods.

b. Taking Water from the Hydrant. The pri-

mary rule to follow when taking water from a
hydrant is as follows: A fire hydrant should be
opened slowly to prevent pressure surges, and
completely to prevent undue wear. TO take water
from a hydrant with a pumper (which may be
necessary because of the great size of the fire or
insufficient hydrant pressure), the pumper must
be located strategically in relation to the hydrant.
This will permit the suction hose to be connected
conveniently and without kinking (fig. 4-47). The
cap on the 414-inch (11.43-centimeter) “steamer”
connection of the hydrant should be removed and
also the suction hose connected to the plug and the
intake on the pump (which also requires the re-
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Figure 4-47. Pumping from hydrant.

moval of a cap). The process is continued as fol-
lows:

(1) Break the hose at the proper coupling
and connect it to one of the discharge outlets from
the pump. After the pumper discharge valves and
churn valves are checked and found closed, open
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the hydrant valve. Start the pump engine, if not
already running, and let it idle while the pump is
put into gear. Open the discharge valve on the
pump and accelerate the engine until the gage
indicates the desired pressure.

(2) The desired pressure is determined by



taking into consideration the size, type, and
length of the hose, the nozzle size, and the vertical
distance from the pumper level to the point at
which the nozzle is elevated, according to the
principles of hydraulics presented in section |1 of
chapter 4. The pump operator should be capable
of arriving at the desired pump pressure within
seconds after the layout is madeand observed.

(3) When pumping from a substandard
water system, pumpers of comparatively large
capacity may collapse their intake lines if the flow
into the system is less than the discharge capacity
of the pump. In this event, the pump operator
must watch the intake gage as well as the pres-
sure gage, and regardless of the pressure main-
tained, should regulate the throttle so that the
intake pressure does not fall below § psi. This
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precaution is taken to prevent a collapse of the
soft suction hose (intake line) which wouldeut off
the pumper’s water supply completely. If the hy-
drants are of such limited capacity, small nozzle
tips and fewer hose lines should enable continued
operations. If the hydrant suction is weak the
hard suction hose should be used. The suction
pressure should not be permitted to drop below 10
psi. This will permit a 5 psi error in the gage
accuracy Without thedanger of collapsing a water
main.

¢. Pumping from Draft. When pumping from
draft, whether the source is atank, a pond, a lake,
or a moving stream, the intake side of the pumper
should be located as close to the water body asis
feasible (fig. 4-48).

Figure 4-48. Pumping from draft.
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(1) The location should have a solid founda
tion and be capable of bearing the weight of the
truck and withstanding the vibration created by
the engine and the pump. The pump lift, or the
height from the water surface to the pumper,
should not exceed 12 feet (3.66 meters) unless
absolutely necessary. Shorter lifts are capable of
producing greater overall volume and pressure ef-
ficiency. The emergency brake of the pumper
must be set, the gearhift lever placed in neutral
position, and the throttle opened only slightly to
maintain a good idling speed. Check blocks are
placed at the wheels if the vehicle is on an incline.

(2) Regarding the suction connections, the
gaskets of the hard suction connections must be in
place before connections are made. The suction
strainer is attached to the end of the suction hose.
A rope is secured to the suction strainer to facil-
itte handling, and tied into position. The strainer
beneath the water surface is submerged to a
depth of 18 inches to 4 feet (0.46 to 1.22 meters),
depending upon the depth of the water source and
the capacity of the pumps. Where the depth of the
water permits, the strainer should be at least 12
inches (0.305 meter) above the bottom.

(3) If the water is too shallow to alow the
suction line and strainer to be suspended in it and
if the bottom of the water source contains sand
and debris, the strainer must be protected to pre-
vent debris from entering the pump. Lumber sheet-
ing, sheet metal, boxes, the blade of a shovel, or
any other flat container or object may be placed
underneath and around the suction strainer to
keep it clear. The strainer should be tied into posi-
tion with a rope to prevent it from drawing air. If
it is impractical to use rope, a large board or some
other heavy material is placed over the suction
strainer to keep it submerged. All openings are
closed including drains and booster connections on
the suction side of the pump. The necessary hose
couplings are attached to the discharge outlets.
When priming a centrifugal pump, the first re-
guirement is that all discharge valves be closed
and intakes, except the one being used, be tightly
capped. The primer should then be started and the
valve between the primer and the pump opened.
When the pump is primed (filled with water) the
pump should be engaged, the primer stopped, and
the discharge valve(s) opened very slowly to pre-
vent loss of the prime. Once the pumper is dis-
charging water, the pressure desired as well as
the number of lines needed can be maintained by
coordinating the inake and discharge pressures
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with slow and deliberate adjustments of the throt-
tle.

(4) Centrifugal pumps may be equipped with
either a relief valve or a pressure-regulator valve.
A relief valve is set at the predetermined pres-
sure ; then when a line is shut off at the nozzle, the
backpressure at the pump opens a bypass valve
which reroutes the water from the discharge to
the intake side of the pump, thus preventing a
water hammer. A pressure-regulator valve is set
at a pressure determined by existing conditions.
These conditions are governed by the number of
lines being used, their lengths, and the size of the
nozzle tips. When a line is shut off at the nozzle,
the backpressure thus created at the pump
actuates a governor that reduces the engine speed
and the pump pressure.

(5) When the pump is in operation the en-
gine temperature must be watched constantly so
as to maintain an efficient engine temperature of
160° to 180" F. (71° to 82° C). The temperature
can be controlled by the cooling-water-supply
valve. This valve is manipulated as often as neces-
sary to maintain the desired engine temperature.
However, the vaive should never be suddenly
opened or closed, for this practice heats or chills
the engine too rapidly. The excess pressure
coming from the fire pump is likely to damage the
radiator or cooling system if the cooling valve is
opened too far or too fast.

(6) Water is pumped from the boaster tank
on the fire truck or trailer in much the same man-
ner as it is from a hydrant. Since the water in the
tank is above the level of the pump opening, the
valve in the connection between the tank and the
pump will permit water to flow from the tank to
the pump by gravity, eliminating the necessity of
priming. Because af this connection, care must be
exercised to have the valve in this line closed
when pumping from a hydrant or other gravity
source of supply under pressure, since the excess
pressure on the suction side of the pump will be
introduced into the tank and will result in over-
flowing, causing leaks in the tank and other dam-

age.

(7) As previoudly stated, it is not possible to
set forth specific operating procedures for all
pumps, but the foregoing will serve as a guide for
the basic principles of operation. Almost al valves
and levers on the pump are descriptively labeled.
When they are not or when the nomenclature is
not completely understandable, the pump operator



may, if he understands the purpose and principles
of the operation, follow out each lever and each

Section IV. ACTION ON ARRIVAL,

4-37. Introduction

After responding to as few as a dozen fire emer-
gencies the firefighter will be convinced of the
great variation in fire conditions and the varia-
tion in procedure required to put out each fire.
The first action of the firefighting crew immedi-
ately upon arrival at the fire is probably the
greatest single factor in determining the success
or falure of the operation. Enroute to the fire and
upon arrival, crewmen must quickly analyze the
part that each will play in the rescue and extin-
guishment procedures. The crew chief or senior
man will make the basic assignments. Even after
the assignments are made there is a great necess-
ity for individual initiative in the details of execu-
tion. This initiative increases with experience and
study.

4-38. Sizeup

The first duty of the crew chief and the crew is to
“size up” or make a quick appraisal of the situa
tion and determine what the conditions demand
and the order of their procedures.

a. The following six conditions must always be
taken into consideration :

(1) Life hazard involved or the rescue work
required, if any.

(2) Exposure hazards from both the interior
and exterior viewpoint.

(3) Type of building construction (consider
the possibilities of collapse).

(4) Content hazards to both the occupants
and the firemen.

(5) The accessihility of the fire.

(6) The type and amount of fire equipment
required.

b. Whether persons occupy a burning building
should be known before firefighting operations
begin. Also, how many sleep there at night (if the
fire occurs at night), and the facilities for exit
and their condition, capacity, and usability. For
example, open stair wells and fire escapes may be
blocked by heat and flame, and elevators may be
inoperative; if the roof over the elevator or its
shaft is involved in fire, the elevator should not be
used. On the other hand, stairways cut off at each
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line leading away from the valve to its source and
thus determine its specific purpose.

SIZEUP, AND FORCIBLE ENTRY

landing, inclosed smoke towers, or horizontal exits
into adjacent wings or buildings are likely to pro-
vide safe exits. Fires in buildings used for public
assembly, such as theaters, dancehalls, clubs,
schools, and hospitals, and for sleeping quarters
offer the greatest life hazard.

c. The roofs and walls of adjacent buildings
may be endangered by heat radiation or by an
infiltration of heated smoke and gases from the
initial fire, which may suddenly ignite or explode.
Frequently the building or buildings exposed are
more important to save than the burning building
from the standpoint of life hazard, content value,
or current need. Where the fire is well advanced,
the first streams of water should be used to pro-
tect such exposed buildings. The direction of the
wind, slope of the ground, distance between the
buildings, extent to which the fire has spread and
other considerations must be carefully appraised
before action is taken.

d. Internal exposures from floor to floor via ele-
vator shafts, open stairways, light walls, etc.,
must also be considered. When the fire is located
in the basement or lower floor, prompt action in
getting hose streams into operation at points
where fire is apt to spread is an important means
of making an effective fire stop.

e. The type of building construction is a factor
which determines the time that fire will require to
cause the collapse of a structure. This is impor-
tant in determining whether a building can be
safely laddered, and it will also determine
whether men should be sent inside the building.
Heavy timber construction will hold up under
higher temperatures and for a longer time than
unprotected steel. Reinforced concrete will with-
stand more weight of water than ordinary brick-
joisted buildings.

f. Content hazards to the occupants and fire-
fighters consist of explosive stock, toxic fumes,
chemicals, acid carboys, compressed-gas cylinders,
high-voltage wires, etc., which, when subjected to
heat or hose streams, may jeopardize the safety of
personnel. All of these hazards must be considered
before ordering specific procedures for fire extin-
guishment. Knowledge gained during previous

building inspections is of real value at such a
time.
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g. The characteristics of explosives should be
studied, and, with the advice and assistance of the
ordnance officer, advance conclusions should be
reached regarding the time and heat necessary for
detonation.

h. Toxic fumes require the use of compressed
air, self-contained demand breathing apparatus.

i. Compressed-gas cylinders should have been
previously inspected to learn the amount of pres-
sure required to rupture them. Also, whether a
cylinder is shatterproof should have been deter-
mined. The flammability, rate of expansion, and
other pertinent properties of the cylinder contents
should have been obtained so that the chemical
reactions in the event of fire can be anticipated.
liquid and powdered chemical reactions in the
event of fire can be anticipated. Liquid and pow-
dered chemicals must be respected from the
standpoint of their gas-liberating qualities, the
toxicity of the gas, the type of container (which
may hasten or retard its release), and the genera
characteristics of the chemical when exposed to
heat and water.

7. High-voltage wires can electrocute personnel
over a widespread fire area where water is gener-
ally present. If the circuits are not cut off by the
time water is used, extreme caution must be ob-
served in stationing personnel during extinguish-
ment. Personnel must be kept free of water which
is in contact with sources of electrical currents.

k. Frequently mud, excavations, traffic jams,
ditches across roads, blocked alleys, and a multi-
tude of other obstacles prevent an approach to the
fire from the most favorable direction. Previous
knowledge of such conditions, which allows the
crew chief to take alternate action, will prevent
considerable delay.

I. In some fire emergencies it is possible, even
before the firefighters reach the fire location, to
determine that additional men and equipment will
be needed. This can be judged by the nature and
extent of the headway which the fire has aready
gained. When a large fire is observed in an area
where no open fires should be found, a second
alarm should be turned in as quickly as possible.
This may be done from the alarm box, if one is
available, or over a two-way radio. On small
bases, where there are no firefighters available to

respond to a second alarm, a thorough knowledge
of available outside aid is invaluable.

m. In most responses or runs, it will be found
upon arrival that there is no large fire, but rather
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a small fire consisting of something such as burn-
ing rubbish, automobile or furniture upholster-
ing ; or oil overflow around the base of heaters. In
such cases the crew chief should order one or two
of his men to use the appropriate extinguisher or
the booster line. The remainder of the crew should
remain on the apparatus to await further orders.

n. In some instances firefighters arriving at the
scene of a fire may find only an odor of smoke
instead of an actual fire. If the source of smoke
cannot be traced immediately and the odor con-
tinues, a thorough investigation should be made
from the lowest level to the rooftop. Smoke fre-
guently is blown into a building from the outside
or may result merely from the temporary abnor-
mal operation of a heating appliance, If there is
any doubt regarding the source of the smoke, the
firefighters will remain until the source has been
discovered and corrective action taken.

0. When the sizeup discloses the need for imme-
diate action, the following steps should be taken:
Call for additional help (if required), initiate
rescue work (if required), ventilate, locate the
fire, close in, extinguish, salvage, overhaul, and
investigate. Although listed in sequence, these
steps are carried out almost simultaneously if
enough personnel are available.

4-39. Forcible Entry

Forcible entry means gaining entry to closed
spaces by opening locked doors and windows,
roof, floors, skylights, partitions, and walls by me-
chanical means. Even the breaching of masonry
walls with a battering ram and other extreme op-
erations may be necessary. However, unnecessary
destruction of buildings must be discouraged. Re-
sponsibility for careful, methodical foreible entry
rests directly with the fire department. Forcible
entry may be required for rescue, ventilation, con-
trol, or extinguishment and must be carried out
with fast, methodical judgment, and tactics.

a. Cutting with the Ax. In cutting with a fire
ax, short, quick, forceful strokes are used for bet-
ter aim. Such strokes also prevent the ax from
striking personnel and from catching in overhead
obstructions, either of which is easily possible in
dark or smoke-filled areas.

(1) Cuts are made diagonally rather than
with the grain of the board (fig. 4-49) and as
close to a joist or stud as possible. A proficient
firefighter should be able to use the ax either right
or left handed. Cutting in difficult corners and
under obstructions can be efficiently done only by
men who have been properly trained.



Figure 4-49. Cutting with the fire aw.

(2) Ax-made cuts in flooring, roofing, or
sheathing are made at an angle of about 60° in-
stead of straight down. Diagonal sheathing is cut
in the direction the sheathing runs so that chips
will tend to split out. If cuts are made against the
sheathing, the ax may bind and require extra ef-
fort and time. Cuts through a lath-and-plaster
wall are made in a direction diagonal to the grain
rather than perpendicular to it. After the boards
are cut, the pick end of the ax may be used for
prying and removing them (fig.4-50).

b. Types of Doors. The various types of doors
must be understood by firemen before successful
forcible entry can be made with the proper tools.
The doors normally found on Army installations
are ledge doors, panel doors, and industrial doors.

(1) Ledge doors. Ledge doors, sometimes
called batten doors, are made of built-up material.
These doors must be locked with surface locks
consisting of hasps and padlocks, bolts, or bars.
Hinges on ledge doors generally are of the surface
type, fastened with screws or bolts.

(*2) Panel doors. Panel doors may be either
cross or vertically paneled. The panels are com-
posed of thin material and dadoes are not glued
into the stiles and rails. Either surface or mor-
tised locks may be used, and hinges may have full
surfaces, half surfaces, or hidden butts. The
hinges usually contain loose pins, which are easily
removed by a tap with an ax or a spanner wrench.
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Figure 4-51. Removing the hinge pins.

This avoids damaging the door or its casing (fig.
4-51).

(3) Slab doors. These are generally made of
veneered hardwood with a white-pine core. They
usually employ the same general hardware as
panel doors, and, because they are solid, are not
easily sprung.

(4) Industrial doors. Industrial doors are
used in garages, warehouses, and storehouses, are
double- and single-dliding, overhead-lift, or over-
head-rolling.

C. Opening Doors. The method for opening
doors is determined first by the manner in which
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the door is hung on the frame and then the way it
is locked. Outside doors in barracks, store build-
ings, and recreation halls, and smaller doors of
other buildings are set either against stopsin the
frame or against a rabbeted shoulder in the door-
jamb. When using a door opener, insert the wedge
just above or below the lock (fig. 4-52). A span-
ner wrench with a wedge end may also be used
where a great amount of leverage is not required.

(1) Overhead-rolling doors are made of steel
and offer the greatest resistance to forcible-entry
tools. Normally, such a door cannot be raised
except by operating its gear and chain. Prying on
such a door may spring it so that the gear will not
function. Sometimes a cast iron plate is installed
in the wall near the chain. This plate can be bro-
ken to permit reaching the chain and raising the
door in an emergency.

(2) If doors are only stopped in frame, the
stop can be raised with a sharp wedge and the
door swung clear of its fastening (fig. 4-53).
When springing a door in a stopped frame with a
door opener, use the tool to separate the lock and
the jamb just enough for the lock to pass the
keeper.

(3) When the door is set in a rabbeted frame,
entry is not easily made. However, splitting the
jamb or breaking the lock bolt with the door-
opening tool will alow entry (fig. 4-54). To spring
a door from either the stopped frame or the rab-
beted frame, push the door open inward after the
opener is completely inserted.

Figure 4-52. Using the door opener.

Y A

Figure 4-58. Springing a door in a stopped frame.
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Figure 4-54. Springing a door in a rabbeted frame.

(4 The same door may be opened with the
wedge of an ax by inserting the blade above or
below the lock and prying it to allow the bolt to
pass the keeper (fig. 4-55). If this system is used,
both the door and the jamb will be slightly dam-
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aged, but the door will close properly after the
entry has been made.

(5) Double doors may be opened by prying
between the doors until the bolt of the door clears
the keeper. If an astragal, or the wooden molding,
covers the opening, it must be set away before
inserting the wedge.

(6) Night latches will normally yield to the
same prying tactics as mortised locks. However, if

Figure 4-§5. Opening a door with afire az,
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Figure 4-56. Battering ram.
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they are fastened to the door with screws, they

can be bumped off with a heavy obejet, such asa

battering ram (fig. 4-56). When a battering ram

is available, pushing a shoulder against the side of
the door opposite the hinges will often spring the
lock.

(7) Overhead-lift doors can be forced by
prying upward at the bottom of the door with a
crowbar or claw tool. After the lock bar is broken,
the doors open readily.

(8) When single-hinged doors, such as those
on houses and stables, are locked with a hasp and
padlock, the staple of the hasp can be pried or
twisted off with a door opener without damage to
the lock (fig. 4-57).

(99 Many double warehouse doors are se-
cured with a bar dropped into stirrups on the
inside of the wall. In these cases, forcible entry is
made by battering the door down or by making a
breach in the wall with a battering ram. The
breach is made at a point which permits slipping
the bar from the stirrups. For ordinary brick
walls, battering a hole large enough for aman- to
enter and unlock the doors from the inside is fre-
quently the quickest andleast destructive method
of entry.

d. Windows. Prying with a wedge is the princi-
pal operation in forcingwindows. The firefighter's
ax, a claw tool, or any other wedge-shaped instru-
ment may be used. If the wedge is wide and thin,
entry can be forced with minimum damage.

Figure 4=57. Using a door epener on a hasp.
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(1) Factory type windows congist of steel
sashes, which are often set solidly in the frame so
that only a portion of the window may be opened.
The movable portion is generaly either pivoted at
the center or hinged at the top and latched on the
inside. Since factory type windows have small
panes, breaking a glass near the latch becomes a
fast, smple operation which causes negligible
damage. Jagged pieces of glass left on the sash
are cleared out before the hand is inserted. Wired
glass must be completely removed from the sash.

(2) The check-rail window has two frames,
or sashes, which are in contact at the top and
bottom horizontals. If the window has no weights,
the sash is locked with bolts in the window stiles
or by afriction lock pressing against the window
jamb (fig. 4-58).

(8) Check-rail windows can be opened by
prying upward on the lower sash rail (fig. 4-69).
If the window is locked on the check-rail, the
screws of the lock give way, and the sashes sepa-
rate. When the window is locked with spring-acti-
vated bolts, they must be broken or bent before
the sash can be raised. Prying should be done at
the center of the glass. However, if the check-rail

(Y .~

Figure 4-68. Locking devices for check-rail windows.



latch is on the side, the pry should be made di-
rectly beneath it.

(4) Basement windows may be opened in the
same manner as a door in a rabbeted frame. If the
prying is done at the center of the lower rail, the
lock may be pulled or sprung.

(5) To open windows on upper floors, pri-
marily to provide ventilation, the firefighter lies
face down on the roof or leans from a window on
the floor above and applies the point or hook of a
pike pole to the window below (fig. 4-60). The
pike pole can also be used to break the glass if the
windown cannot be raised or lowered and ventila-
tion is essential.

(6) Casement sashes are hinged to the win-
dow jambs and meet vertically ; they are locked
either together or to the window frame. Casement
windows can be opened in much the same manner
as double doors. Generally, they are securely
locked, and breaking the glass is necessary. Case-
ment sashes of wood are generally hinged at the
top and locked at the bottom; metal sashes may be
hinged either at the bottom or at the top.

e. Roofs. Roofs may be classified, according to
the construction of the covering, as shingle roofs,
composition roofs, or metal roofs.

(1) Shingle roofs include all those made of
small sections of material, such as wood, metal, or
asbestos, fastened to the sheathing. Shingles are
nailed to sheathing and can be removed easily.
Shingle roofs can be opened by stripping off the
shingles and cutting away the sheathing.

(2) Composition roofs contain from one to
six sheets of roofing material, generally consisting
of tarred felt nailed to the sheathing and

Figure 4-59. Opening check-rail windows.
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cemented together with asphalt. Hot asphalt that
hardens when it cools is spread over the entire
covering. Gravel may be spread into and over the
hot asphalt to become a part of the covering when
the asphalt cools. The sheathing consists of |-inch
(2.54-centimeter) shiplap laid tightly on wood
joints or on solid concrete. Composition roofs re-
quire more care to open because they are more
difficult to repair. The covering is cut and rolled
back before the sheathing is cut away to make an
opening. To locate joists, the roof should be
sounded before it is cut. The cuts should be close
to the joists to make both cutting and repair eas-
ier.

(3) Meta roofs, generally tinplate, consist of
sheets of metal crimped or soldered together as
one sheet. The sheets are fastened to the shea-
thing just as in wood construction under composi-
tion roofs. Successful ventilation frequently must
be obtained by forcible entry tactics, When mak-
ing an entry for ventilation, the firefighter should
always work with the wind at his back so that
gases and flames coming from the opening do not
hinder or endanger him. After a roof is opened,
the ceiling below is opened by forcing it down
with a pike pole or other suitable tool. A ceiling is
not usually difficult to push down from above.

%7
-
—

Figure 4-60. Using pike pole to open a window
from above.
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f. Floors. Permanent-construction wood floors
are lajd double on joints generally set on 16-inch
(40.6-centimeter) centers. The subfloor is usually
laid on a 45° angle to the joints, and the fop or
finish floor at right angles to the joists. In mobili-
zation type builclings, a single floor is laid directly
on the joists, the joists set on 16-inch (40.6-centi-
meter) centers. In theather-of-operations type
construction, a single floor is laid on joists on
24-inch (41-centimeter) centers. Floors may be
openecl in much the same way as flat roofs, except
that two distinct ctting jobs are required for
double floors because the subfloor and finish floor
run in different clirections. Joists are located by
sounding, and both cuts follow the side of the
joists toward the inside of the required opening.
For efficient cutting, the hand which applies the
force is held hafway up the ax hanclle. The feet
are spread for proper balance and to avoid cutting
the foot by a misplaced or glancing stroke. The
man doing the cutting must be careful to stand
outside the area to be opened

0. Ceilings. Plastered ceilings are opened by
breaking the plaster and pulling off the laths. A
pike pole of proper length is the most effective
tool for this job (fig. 4-61). Metal and composi-
tion ceilings can be pulled from joists in the same
manner. Board ceilings are somewhat difficult to
remove because the lumber offers considerable re-
sistance when an attempt is made to jam the pole
through or between the boards to get a solid grip
on the hook.

NOTE

Certain precautions must be observed
when opening ceilings and walls. Do not
stand under the areas to be openecl, pull
downward and away to avoid being hit
by falling material, and keep the upper
hand on top of the pole to aid in pulling
away. Always wear a helmet when pull-
ing down a ceiling, since it is difficult to
predetermine the amount of the ceiling
which may fall after one thrust.

h. Glass.

(1) The glass panes of a skylight are gener-
aly installed in a metal frame which dips over a
flanged roof opening (fig. 4-62). By prying under
the edge, the entire skylight can usualy be pulled
loose and removed, if necessary. If -skylight
cannot be liftecl, the glass panes may be taken out
by releasing the metal strips that cover the joists
and removing the putty.

(2) Glass in doors and windows is broken
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Figure 4—61. Removing lath and plaster ceiling.

RIDGE CAP
»

GLASS 2SN

/
FLANGE FRAME

j-— 2 x 8

ROOFING
et

U lw—— ROOF JOISTS _.->:i

Figure 4-62. Section of a typical skylight.

]

Figure 4~68. Breaking window glass with an ge.

easily with the flat side of an ax. When breaking
the glass, stand to one side and strike the upper
portion of the pane first, being careful that bro-
ken glass does not slide down the ax handle (fig.
4-63). After the glass is broken out, remove all
jagged pieces from the sash to safeguard person-
nel, hose, and ropes from injury and damage



when they pass through the opening. The jagged
glass may be removed with the pick of theax.

i. Tools. The proper way to carry tools is almost
as important as knowing how to use them. Tools
with sharp hooks or sharp edges should never be
carried on the shoulder. If the carrier stumbles,
he may release his grip on the tool, which may fall
against him or strike another person. In the con-
fusion, haste, and limited vision which normally
accompany afire, body contact is common, making
an exposed tool a definite hazard. Sharp edges and
points can be guarded best if tools are held in the
hands. An ax, for example, is carried at about the
level of the waist and held high in a horizontal
position, with one hand grasping the handle near

™ 5-315

the head and the other hand covering the pick,

Another effective method of carrying an ax isto

hold it in avertical position, parallel to the body,

with the axhead upward, the blade ailmost beneath
the armpit, and the hand covering the pick. In

these positions, an ax can be easily thrown away

from the body in the event of a fal. Tools with

hooks, such as claw tools, are carried at the side
with the hook forward. All tools with pointed and
sharpened edges are carried in a like manner. A

sense of safety iS important in this respect.

J. Other Types of Construction. Local construc-
tion should be studied and preplanning done when
construction varies from that described in this

paragraph.

Section V. VENTILATION AND SALVAGE

4-40. Introduction

The problem of ventilation in burning buildings

frequently presents great difficulties even to the

experienced man. Salvage, including the preven-

tion of excessive water damage, is another impor-
tant factor in firefighting.

a. Unless firefighters have a technical knowl-
edge of combustion processes, fuel characteristics,
oxygen requirements, draft, effect of heat on air
currents and building ventilation, and the princi-
ples involved in forcible entry, they cannot attack
fires in buildings effectively and with reasonable
freedom from danger. Principles of the chemistry
of fires include many of the necessary facts, but
ventilation introduces special variations. Ventila-
tion includes removing smoke, gases, and heat
from a building and controlling the fresh air sup-
ply to aid in rescues, protect the firefighters, and
prevent the spread of fire.

b. The importance of salvage work done by fire-
fighters cannot be stressed too strongly. Buildings
and other combustibles are salvaged proportion-
ately to the speed and efficiency of the firefighters
and their ability to prevent water damage.

4-41, The Combustion Process

In'the combustion process, fuels liberate carbon
and hydrogen, the most commonelements in burn-
ing materials.

a. A fuel exposed to flame or spark burnsif it is
heated to its ignition temperature if a sufficient
amount of oxygen is present. The approximate
ignition temperatures of the most common strue-

tural materials are as follows: dry wood, §00°F.
(260°C.); paper, 450°F, (282°C.); pyroxylin plas-
tics, 275°F. (1856°C.); and cotton cloth, 440°F.
(227°C.).

b. When fuels reach their ignition tempera-
tures, they react with oxygen to form new com-
pounds called the products of combustion. Moat of
this oxygen comes from the atmosphere, Which
normally contain8 21 percent of oxygen. Some ox-
ygen may be supplied by the oxygen content in
cellulose materials such as wood, paper, and cloth.
Free burning occurs when enough oxygen igpres-
ent to consume the available fuel. For example, 1
atom of carbon (C) at its ignition temperature
reacts with 2 atoms of oxygen (0) to form carbon
dioxide (CO,).

¢. In aclosed structure, enough oxygen is pres-
ent when the fire starts to support free burning.
Hot gases rise to the ceiling; this starts a consist-
ent current and forces the cooler air downward to
feed the fire from the floor. If fresh air is unable
to enter the room from the outside, the amount of
oxygen is gradually reduced until the fuel smol-
ders and smokes. Theoretically, it should finally
smother out completely ; actually, however, the
smoldering stage is sustained because in most
cases the oxygen supply is never completely ex-
hausted.

d. When the oxygen content of air is lowered,
the rate and nature.of combustion change: More
and more of the carbon fraction reacts with sim-
ple atoms of oxygen to form carbon monoxide
(CO), which, unlike carbon dioxide, is toxic and
flammable. Sometimes fuels will distill, because of
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the extreme high temperatures, and join the at-
mosphere as hot, flammable gases.

e. Carbon dioxide, the common product of the
complete burning of carbon materials, is neither
flammable nor poisonous. The fire begins to smol-
der as carbon dioxide replaces oxygen in at-
mosphere of a closed room. In air having a high
carbon dioxide content, the danger to personnel is
the suffocating effect caused by lack of oxygen.

f. Carbon monoxide is a product of incomplete
combustion. Carbon monoxide gas is more preva
lent in unventilated buildings because of the lack
of oxygen. It is an extremely poisonous gas, and
air that has a content of 0.5 percent carbon mon-
oxide causes unconsciousnessguickly. Air contain-
ing 12.5 to 74 percent carbon monoxide may be
explosive. The ignition temperature of carbon
monoxide is 1128°F.(609°C.). The combined
toxic quality and flammability of this gas make it
very dangerous.

g. Burning hydrogen combines with oxygen to
form water vapor. Burning sulfur produces sul-
fur dioxide, an irritating suffocating gas which is
not flammable ; it irritates the eyes and respira
tory passages and is dangerous to breathe in high
concentration. Nitrous fumes include several ox-
ides produced by cellulose nitrates.

k. Although the gases of combustion are mixed
with the air, they are more highly concentrated at
specific levels, depending upon their densities.
Taking' air as 1.000, the following list of compara-
tive densities will indicate the level at which these
gases may be found :carbon dioxide, 1.608 ;
carbon monoxide, 0.978; sulfur dioxide, 2.437;
and nitrous fumes, 1.036 to 1.530.

1. Smoke is always produced when combustion
is incomplete. Its density, color, and content vary
with the oxygen supply, the intensity of heat, and
the type of fuel being burned. Water vapor and
particles of free carbon are generally found in the
smoke; such fuels as pine may distill and give off
dense black smoke. Qils, tar, paint, varnish, mo-
lasses, sugar, rubber, and sulfur may burn with
such dense smoke that ordinary ventilation prac-
tices fail to clear the room.

j. If combustible materials are heated to ex-
tremely high temperatures in the absence of oxy-
gen, the lighter fuel elements and compounds
from the materials are distilled into fuel gases,
These hot gases need ‘only oxygen and a spark to
burn with explosive violence. This explosivereac-
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tion is known as a back draft. Actually a back
draft may be defined as an explosion that occurs
when a large quantity of oxygen is suddenly ad-
mitted to an interior fire. This condition is gener-
ally met when ventilation is made initially on the
windward wide of a burning building, especially
when the wind is of high velocity and of sudden
and large volume.

4-42. Evaluation

Careful evaluation of the situation is necessary
before an opening is made to ventilate closed
buildings. The fire chief estimates the situation by
considering the rescue requirements, type of
building and contents, smoke and heat conditions,
and explosive hazards. He also takes into account
the weather conditions, manpower and equipment
available, safety precautions, and exposed build-
ings nearby.

a. One-story buildings with severa rooms or
compartments present more hazards than a single
compartment structure of the same size. When
hot gases rise to the ceiling, the cooler fresh air
from adjoining rooms is drawn under doors or
through other openings, permitting the fire to
burn longer before it begins to smolder. As the
hot gases and smoke fill the entire structure, it
becomes difficult to find the exact location of the
fire, and proper ventilation procedures become in-
creasingly uncertain.

b. In buildings of more than one story, hot
gases and smoke rise to upper floors through ele-
vator shafts, stairways, air-conditioning shafts,
and similar conduits. Reaching the highest possi-
ble level, the gases and smoke spread over the
entire floor, eventualy filling the building from
the top down. This condition is commonly known
as mushrooming, and can create great smoke
damage even from a small smoldering fire. At the
same time, oxygen is supplied to the fire from
incoming currents of cool air. Smoke is generaly
seen coming from openings in the upper floors
regardless of the location of the fire.

c. Figure 4-64 shows how theprogress of afire
in aclosed room occurs in four stages:

(1) In the first stage (A) the fire burns
freely. Adequate oxygen is till available in the
air, and water vapor and carbon dioxide are pro-
duced, along with small quantities of carbon mon-
oxide and sulfur dioxide. The room temperature is
about 100°F, (38°C.).

(2) In the second stage (B) the original pro-



portion of 21 percent oxygen in the air is reduced
to about 17 percent. Burning has slowed, and

carbon monoxide production has increased. The
room temperature is between 300° and 400°F.

(149° to 204°C.).

(3) In the third stage (C) fire is barely visi-
ble because the oxygen has been reduced to 16
percent. Carbon monoxide is produced in increas-
ing amounts, and free carbon and unburned fuel
form dense smoke. Heat of about700°F. (371°C.)
and gases imperil personnel and produce an explo-
s